Essais sur le cycle économique et de la transition de la grande inflation à la grande modération by Khaznaji, Mohamed Maher
UNIVERSITÉ DU QUÉBEC À MONTRÉAL 
ESSAIS SUR LE CYCLE ÉCONOMIQUE
 
ET DE LA TRANSITION DE LA GRANDE INFLATION
 
À LA GRANDE ~\'fODÉRATION
 
THÈSE PR.ÉSENTÉE
 
CO\I\IE EXIGENCE PARTIELLE
 
DU DOCTORAT EN ÉCON()~dIQUE
 
PAR
 
l\'IAHER KHAZNAJI
 
;\ lai 2009 
UNIVERSITÉ DU QUÉBEC À 1\:10NTRÉAL
 
ESSAYS ON THE BUSINESS CYCLE
 
AND THE TRANSITION FRO:,;! THE GREAT INFLATION
 
TO THE GREAT MODERATION
 
THESIS PRESENTED
 
IN PARTIAL FULFILLt'vlENT OF THE REQUIREÎ\lENTS
 
FOR THE DEGREE
 
DOCTOR OF PHILOSOPHY
 
IN ECONO:-,IIICS
 
BY
 
MAHER KHAZNA.JI
 
~IèlY 2000 
UNIVERSITÉ DU QUÉBEC À MONTRÉAL
 
Service des bibliothèques
 
Avertissement 
La diffusion de cette thèse se fait dans le respect des droits de son auteur, qui a signé le 
formulaire Autorisation de reproduire et de diffuser un travail de recherche de cycles 
supérieurs (SDU-522 - Rév.o1-2006). Cette autorisation stipule que «conformément à 
l'article 11 du Règlement no 8 des études de cycles supérieurs, [l'auteur] concède à 
l'Université du Québec à Montréal une licence non exclusive d'utilisation et de 
publication de la totalité ou d'une partie importante de [son] travail de recherche pour 
des fins pédagogiques et non commerciales. Plus précisément, [l'auteur] autorise 
l'Université du Québec à Montréal à reproduire, diffuser, prêter, distribuer ou vendre des 
copies de [son] travail de recherche à des fins non commerciales sur quelque support 
que ce soit, y compris l'Internet. Cette licence et cette autorisation n'entraînent pas une 
renonciation de [la] part [de l'auteur] à [ses] droits moraux ni à [ses] droits de propriété 
intellectuelle. Sauf entente contraire, [l'auteur] conserve la liberté de diffuser et de 
commercialiser ou non ce travail dont [il] possède un exemplaire.» 
Remerciements 
TOIlt. (Ld)on1. j(' tiens;t l'(~nH'rcier t.rt's c:ha!cl ll'C'us('nwnt. nlon prof(~ss('IJr ct direct.em 
dt, thèse \1. Louis Plwnellf pr)lu' la qu(-\.[it,~ de sa sllJwrvision d(' cet.t.e thi'sf', sa comp{~t,(-~ll(:P. 
ses conseils judiciellx. sa patielH'f'. SOli apPlli moral et financier, et pom 111 'avoir sOllt.enu 
ct guidé dmant. tOIlt.es mes al\l](~es d·ét.udes au DoctoraL 
Je relllercit~ aussi vivcnwnt, les professeurs \1. Alain Clla.y. l\J. Philip \fcrrigan ('t. \1. 
1\evin \loran pour avoir accepté (révaluer cette thèse .. et dt' me faire bénéficier de lems 
sllggest.ions (~t. comment.a i['('s fort. Il t,i [('s. 
j'des renwrcicliJ('nt,s s'adresscnt c'!Silkm('llt il t,ous nws prokSS(~llrS pOlir lem grande 
contri bll tion il. Illa formation. en part.icu1icI' Il' profr'ssclll' 1\1. /\ 11(1 ['(; Ku rrnann. ainsi 
C[1 w le sccr0tariclt du dc'part,elllent cl' éconolllique de ruQA1\1. ('Il parti eu lier. l\'Iartine 
I3oissl'!le, Lorraine I3risson, Francine Germain. ct Jacinthe 1;110nde. 
Je remercie mIssi le professeur :vI. Pet,cr Ireland ainsi que tous !cs autre,,,; chercheurs 
qui m·ont. aiclé il. réaliser cette thèse. 
Enfin. je rem('rci(~ mes parents et mon frt~re pour m'avoir sOlltenu ct ('nC'ouragé depuis 
le (h'but. de mes au(ks nu Qlld)(~('. 
Je dôclie cette thèse à 111e8 parents Adel et Leila, ct Ft, mon 
frère v\hdid. 
Contents 
List of Figures . viii
 
List of Tables . . . x
 
Resumé xi
 
Abstract. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. xii
 
Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 1
 
1	 The Transmission of Shocks to Monetary Policy and Technology: The
 
Role of Intermediate Inputs and Sticky Priees Under Taylor Rules 12
 
1.1	 Int.roduct.ion. . . . . . . . . . . . . . 12
 
1.2	 Thl' Efkds of Tcdlflology Shocks in il SVAn \1ocld \\'ith Long-nuil n('­
1.:3 The \/odt'l IG 
1.:3.1 TIH' Rl'prCS('fltiltiV<' Housc!lold ICi 
st.rictions 1--1 
1.3.2 Thl' Finish('d-Cood Producing Finn 18
 
1.:3.:3 Th" Internl<:'diate-Cood Producing Firms 18
 
1.3 ..:1 TIl(' \lo11ctarv Polic,\' 20
 
1.:3.3 EquililHilllll 21
 
lA Calibrat.ion 21
 
1..) Results. 22
 
1.5.1	 irnpuisc nespotlses 22
 
1.6	 Sensit.ivity Analysis. . . . 23
 
1.6.1	 The Role of Capit.al Aecutl1lllation 23
 
1.62	 Priee Rigidity. Intermediate Inputs rlno the Real Effeets of )'I\on­
dar.\' Pol icy Sh()cks 24
 
Ui.:3 Olltput-CrowtlloS Output-Levt~l Rille 2,)
 
1.6.4	 The Irnprlet of Teehnology on Hours \Vorker! Owr Tillw 25
 
1. 7	 COtie! usiou . . . . . . . . . . . . . . . . 27
 
VI 
2	 An Estimated Model of U .S. Postwar Business Cycle Dynamies 36
 
2.1	 Illt.roduct.ion. 36
 
2.2	 Tlt(~ \lodel 38
 
2.2.1 The Houseltolcl	 38
 
2.2.2 Tlle FilïllS ...	 -lI 
2.2.3 The \lonctary Polic)' . 42
 
2.2.-l \ larl«'t.-Clearing 43
 
2.3	 f\lodel Estimrlt.ioll . 4:3 
2.3.1 EcoJlollH't.ri(' Procedure	 43
 
2.3.2 Calibration 
2.3.3 Data	 4-.1 
2.-l	 Estimatioll ReslIit.s -l6
 
2.:1.1 l'v'1axilllurn Lihlihood Estirnatt~s (DHselin(' ]'dodcl) . 46
 
2.4.2 Fluct.uat.ions and COrnOWl11émts . 47
 
2.4.;3 Business-Cycle Persistence . 48
 
2.:1.4 hnpulse-I{espullsc Funct.ions . 49
 
2.·:J.,) The Rok of Nominal <Jlld Real Frictiolls 51
 
2.4.6 C'onsumption Habit. vs Leisme Habit	 52
 
2.5	 COllclnsion 
3	 From the Great Inflation to the Great Moderation: An Estimated
 
Structural Madel With Firm-Speeifie Labor and Nominal Priee Rigidi­
ties 70
 
:3.2 Outpllt Growth Vol,ttilitv and Infh-ttion Variahilit.,v l'rolll t.he Great InflFl­
:3.1 Intwciud.Îon. 70
 
tion	 t.() t.he Grei\t l\Iodcrntion 72
 
3.3	 Â DSGE l\lodcl wit.h cl. VariClble Elastieity of Dellwnd, Finn-Specifie La­
bOl' allC! Nomillal Priee Rigidity 73
 
3.3.1 The Household	 73
 
3.3.2 The Finns ...	 7::> 
3.3.3 The \londary Polie)' RulE' .	 79
 
Vll 
:3.4	 Econometric Procedmes 80
 
3.4.1 Dat.a ....	 81
 
3.0	 Ernpirical ncsu!t.s . 81
 
~3.J.l l\Iaxilllum Likelihoocl Estilllat.es. 81
 
3.5.2 Vector An tocorre1atiolls . . . 83
 
:1.5.3 Irnpulsc-nespollse Funct.ions . 84
 
:3.5.4 Variance Decompositions 86
 
3.0	 From the Great InAahon to the Great ModerRtion 86
 
3.6.1 Estimation Resnlts ..	 87
 
3.6.2 What Arc the Sources of the Great :\loderat.ion? 88
 
3.6.:3 Relatéxl Literatme 90
 
3.7 Concinsion 91
 
Appendix. I05
 
References. I07
 
List of Figures 
1.1: Yar-Based Impulse Responses to a Technology Shock: 1950:1-2001 :IY 28
 
1.2: Model-Based vs Empiricallmpulse Responses to a Technology Shock 29
 
1.3: Impulse Responses to an Expansionary Monetary Policy Shock 30
 
1.4: Role of Capital Accumulation 31
 
1.5: Interaction Between Price Rigidity and Intermediate Inputs 32
 
1.6: Output-Growth vs Output-Leve1 Rule 33
 
1.7 Output-Growth vs Output-Level Rule: with b=O 34
 
1.8: Effects ofa Change in the Monetary Policy Regime 35
 
2.1: Autocorrelation Functions 57
 
2.2a: Impulse Responses to a Technology Shock: Baseline Model 58
 
2.2b: Impulse Responses to a Monetary Policy Shock: Baseline Model 59
 
2.3a: Impulse Responses to a Technology Shock: Role of Nominal Wage Contracts 60
 
2.3b: Impulse Responses to a Monetary Policy Shock: Role of Nominal Wage Contracts..... 61
 
2.4a: Impulse Responses to a Technology Shock: Role ofEmployment Externality 62
 
2.4b: Impulse Responses to a Monetary Policy Shock: Role of Employment Externality......63
 
2.5a: Impulse Responses to a Technology Shock: Role ofConsumption Habit 64
 
2.5b: Impulse Responses to a Monetary Policy Shock: Role of Consumption Habit... 65
 
2.6a: Impulse Responses to a Technology Shock: Role ofInvestment Adjustment Costs......66
 
2.6b: Impulse Responses to a Monetary Policy Shock: Role of Investment Adjustment
 
Costs 67
 
2.7a: Impulse Responses to a Technology Shock: DH Model.. 68
 
2.7b: Impulse Responses to a Monetary Policy Shock: DH Model. 69
 
IX 
3.1: Output Growth and Inflation 98
 
3.2: Vector Autocorrelation Functions: Benchmark Model vs Vector Autoregression 99
 
3.3: Impulse Responses to a Positive Technalagy Shack 100
 
3.4: Impulse Responses ta an Expansianary Policy Shack 101
 
3.5: Impulse Responses to a Positive Shock to the Marginal Utility ofConsumption 102
 
3.6: Impulse Responses to a Positive Labor Supply Shock 103
 
3.7: Impulse Responses ta a Positive 1nvestment-Specific Shock 104
 
List ofTahles 
2.1: Maximum Likelihood Estimates 55
 
2.2: Cycl ical Properties of the Basel ine Model (Log-di fferenced Data) " 56
 
3.1: Summary Statistics about Output Growth and lnflation 92
 
3.2: Maximum Likelihood Estimates (Benchmark ModeJ) 93
 
3.3: Implied Probability ofPrice Reoptimization 94
 
3.4: Output Growth and Inflation: Standard Deviations and Correlations 95
 
3.5: Forecast Error Variance Decompositions (in %) 96
 
3.6: Contributions to the Reduction of the Standard Deviation of Output Growth and Inflation
 
(in 0/0) 97
 
3.7: Contributions of Shocks to the Reduction of the Standard Deviation of Output Growth
 
and Inflation (in 0/0) 97
 
Résumé 
Ct:t.t.e thèse est constituée de t.rois essais portant sur !"dude du cvc1e {;C'oIlOlniqut,. 
Les denx premiers chapitres eXamillPnt les mécanismes endogènes de propagation clv­
nailliqllt,. alors Cjue le troisi~~rne (;tuclie la dynnmic]lle dl' l'infiahon ct les causes de ln 
G rnnde ]\[od6nl tion. 
L(' prerni('r dwpitre eXi-nnill(' it's efi'ets de la politiqllc IllOII(;t.aire l't des chocs tecil· 
nojogiqlJ('S dans le cndrc d'lIn nlodl:lc d'(quilibre génh,ll dYlHlllliqut, C]ui contient: i) des 
rigi(lit6s nOlllina!es de prix. ii) u]}(' Stl'lldurc input"olltPlIL iii) quelcj1ws rigi(litJ's d'l'Iles, 
et iv) une politique nlon('taire r('aliste sous forme de l'l'gl(:s dl' T;l,vlor, Lc nlo(li'!c est ('n 
mcslll'e de produire nlle réponse négative des he1ll'es trav(l,illées ici COlll't t.erme suivant un 
choc technologique, ainsi qu'une rpponse positive il. moyen t,erme, ce qui est, (-:n accord 
avec: les résultats empiriques de Dasu, Fel'llald et Kimball (2006). Cont,rairement au 
modèle de Dotscy (1999), le présent modèle prédit une baisse il. court terme des heures 
suivant un choc tec:hnologiqm' positif sous différentes spécifications de la rl:gle de Tay­
lor. La clé pom comprendn: la différerenœ entre nos résultats et cel.U:: de Dotsey est. la 
pris(' Cil COlllpt.e de la formation d'habitude de cOllsommation dnns not,re tlI0dl'!c, On 
détlIOllt.l't' n.ussi que If' fact.el\!' principal derrière nos rrincipaux résnlUJts est l'int.eraction 
entre le,,; rigiclit.(:s de prix et la str\lct.11I'e input.,ontput.. Par exemple. celle,ci perITlet. cie 
gÉ'nl>rer cles sent.it:rs cie rl'pons(' des vRriablps réellf's en forme cie cloclll' sllivant un c!Joc 
IllonMaire. 
L(' sccond cilapitn' d<"Vl'loppe l't. ('.,;t.irne un rnodl'le (!"(;quililll'l' g<"n{>j'()1 dynamique ca· 
pabk de J'('proc!uin' des faits saillants dn cycle rconorniqnc allté'ricaill. Ces faits illClllcnt. 
les al ttocorréla tions posi ti ves du t.aux de croissance de l'outpn t.. (le la consomma tion. 
de l'investissement. et des helll'es t,l'availlées. la qm1si,ahsence d'alitoco!TélaJion du tmlx 
de croissance du salaire réel et L·) faihle corrélation ent.n,' la produc:t.ivit.é moyennf' dn 
travail et les henres travaillées. Le modèle parvient il rroduire dp la persistence au 
rnoyen de ses mécanisnws cndoghws de propagation, Nos résultat,s suggi.'rcnt qu'un 
modèle satisfaisant incorpore nue rigidit{' nominale dcs salnircs, uue faible externalit/) 
c1'cmploi, un dcgr<'~ modéd' (lnns la formation d'habitude de la consomnmnhon. l't des 
('nl'lts cfajw;t('nwut d'iuvestissenlent qui sont. Illodesks. Les contrats de salaires qui 
inHllt'nt habituellem(:nt Slll' les efff'ts rt'els des chocs mon('t,airf's ont également une inci, 
dence importante sm l'impact des effets des c!Jocs kchnologiqllC's. 
Le troisièmc chari t,re déveloPlw et estime lm modèle cl' équi 1ibrC' gèn{'ral dp la Gl'Hilde 
I\lodération qui inclut des rigidités de prix, une élasticiU; variable de la dcrnanc!e. ainsi 
qu'une hypothl:St' de spécificité du travail il. la hrmc, Tout en d:conciliant, les preuves 
lnicroéconorniqucs et macroéconomiques concernant. l'ajustemcnt des prix. le rnodi:lc 
expl ique cie façon satisfa isante l' accroissernf'nt. de la st.ahi li tf macroèconolllique de la 
pèriodf' dit.e de Grande InHation il celle de la Grande IVlodêration. Le modèle idpntihe les 
chocs à J'offre de travail comme Mant la source principale de la réduction de volatilité de 
la croissance de l'out.put, Toutefois. des chflngenwnt.s dans le comport.ement du secteur 
priv(', 1Ille politiquc rnonN,ain~ moins accOlnlllodant.e, et des dlOcs plus pet,it.s expliquent 
<l'lllle manil'n' il peu pri's égale la J'("duct,ion cie la variabilité de J'inflation. 
Mots-clés: nigidit,(~s nominflles. rigidités rédlt,s: grandc lllodérat.ion. 
Abstract 
This dissert.at.ion includes three essays on business cycle and monet.ary economics. 
The first t.\VO chapters are conc:erned with endogeneous propagation mecllilnisms, while 
the thirci cha.p(.(~r is allollt. inflc,tioll dynall1ics and t.he "Great i\loderation'·. 
The first. c1Hlpt.n looks n.t the r.ffeds of JnOJWUUY poliey and t.c~ehn()loRv "bocks frorn 
t.ll{' pc:rspeLtiv<' of H dynarnic general cquilihrium rnodcl tbat features: i) st.ick.y nominal 
priees, ii) il roundabout. input-output structure, iii) a few real frictions and iv) a realistic 
rnonetary poliey in the forrn of il Taylor rule. The rnodel is able t.o geneJ(tte a short-mn 
negat.ive response of hours worked following a positive t.echnologv shock rtnd a posit.ive 
response in tht~ medium l'lln. consistent with t.he evidence reportt)d in BaSil, Fernald and 
Kimhnll (2000). Unlih' Dotsey (l~)()cJ), thE-~ model plw]ieJs Cl short-fi lU decline in hOllrs 
ful10wing a posit.ive t.cchnology shock llrlder alternative spccincat.ions of t.lw Taylor rule. 
TIl(' diff<'J'('I1(:(: in r<'sll1ts is explnil1ed h~' tlw omission of hahit formation in c'onsnll1ptiol1 
in Dotscy's lllOdcl. This clwptcr also shows that a kc'.y feat.l1rc of t.ll(' llIodl'l is t.ltl' 
interact.ion hd.wel'n st.icky priees and t.he input.-out.put st.ruct·\1l'I' \\'hich giV<'s risC' t.o 
t.ypica! 11Ilmp-shaped responses of rfa! wtriables to " rnonftary policy shock. 
The second chapter rlevelops and estinliJ.t.es a dynamic /Seneral equilihrilllTI model 
t.hat. captures t.he sa.Jient feat,ures of postwal' U.S. l)usiness cycles. These inc:lude t.he 
positive seriaI correlation in t.he growth rates of out.put., consllrnpt.ion, illvcstmcnt. and 
hours worked, thc near-zero serial correlation in l'cal wage growth i).nd t.he near-zero 
correlation bdween homs worked and retul'n t.1) working. Thus, the model mcct.s t.he 
challenge of prodllcing a plausibl(~ huslrwss-cycle pcrsistcncc via its internai st.ruct.ure. 
0111' findings suggest. that. il s1Jeœssf1J1 model is one t.hat. feat.mes stickv 110111inal wages, a 
relat.ivelv small emplovment. externalit.y, mild consumption hal)it., and relat.iveIv lllodest 
il1\'eslmrnt adillst lI1ent cust.s. \\'agc-' l'ont l'nets which are llsnally SfE'n as afTcct ing lIlüslly 
tll<' ('ffl~cts of lnO)\I'tan- shocks on tll<' l(~al sieif' of t.11<' CC'OIlOlllV, alsn havI~ i1 signifi<'r\.llt. 
itri pact Ol) thc dfl'ds of t.<'ChllOlog,v "hocks. 
Th<' t.hil'd cha.pt.cr develops and estimatcs a dYIHIIlIic stochast.ic gCllcral <~quililJl'i1JlTl 
nlOdcl of Hie U.S. Grerlt \lod<'ration t.[lat. f<'ilt.ures sticky prices. a variable clast.icity of 
den land faeing firnls and firm-specinc labot'. While recollciling to a gond extent. the 
lllicroeconomic: anc11nacroec:onomic evidence about t.he belmvior of nominal priees, the 
model aCCOllnts very wdl for the dramat.ic inCl'ease in macroeconornie st.nbility from t.!Je 
Great Inflation t,o t.l1<' Great. Tvl()(leratioll. ReJniniscpnt of t.he cvidencc in Shapiro alld 
\tVatson (1988) and Hall (1997), labor-supply shoeks arc found lo bc the I«~y source of 
t.!Je sharp rlèduct.ion in tIlt' volat.ilit.y of out.put growth. Howcv('l'. chang(~s in t.he bchavior 
of the private s<'ctor. a less accornrnodat.ive rnonetary policy and sl11all<~r shocks cxplain 
alnlOSt. ('venl)' t.he large dccline in t.hc-~ variabi[it.y of inflat.ion. 
Keywords: :'-Jorninal rigiditics; real rigidities: great llloderation. 
Introduction 
The ]ast decadc has witnesscd il rapid deve]oprnent, in rnonct.ary business cycle rnod­
els. These moclels buile! on the generëlJion of husiness cyc:\e ll10clels t,hat. have foJ!owecl 
Kycllane! and Prescott (1982), In the RI3C li terature, ll10netary policy is not relevant, 
Howcver. clllpiricai evidence supports the hypothcsis that rnonctary po]iey s!locks have 
signifinlllt ['(~;\] ('H'('ds, (;l'n('I'<\I ('qllililJriIUll 11II)(kb wit'Ii stickv pricl's ;Ind/or \\,\g('S ,\.1'1' 
consistent \Vith this cvie!ence. which Inakps them very popillar ane! sllit,;lhll' for mon<'tiHY 
policyamllysis, 
In this tllcsis. 1 usc this last, gcncrntion of Ilynfllnic stocilastic gencml equililJriurn 
(DSGE) models to examine several issues. ln a few words, the first t,wo chapt,ers are con­
cernecl with endogeneous husiness-cycle propagation, while the third chhpter examines 
inAation cl,vmnnics ami stuclics tllC sources of thc --Grc,lt. ]\;[odcrclt,ion", In what ['ollows 
l dcscrilw the main fimlings of thc dmptcrs and thcir contributions to t.lH' lit.('r;Jturc, 
The first ell;lpter Ikwlops a DSGE modl'I t,hat explains t,lw rWlCrDl'conol1lic cons('­
qUC11(;CS of j'Ill' intl'l'nct.iollS bctwCCT! ;t roun<1ahout inpnt,-ontput stlïldurc. st,ickv priees. 
a few p];\\Isible l'cal frictions (\Jld Ta'ylor-typ(~ of mIes, The lllodel is usell to ;tlldrcss the 
following isslles. First. thp predictions of the mode] concerning the adjnstment of sevpral 
va.riables to a technology improvement are confrontec! with the empirical finclings from (Î 
st.ructurel! vector ;tutol'egl'ession (SVAH,) where the t.echnology shock is identiliec] a]ong 
the lines s\\ggestccl by Gal( (1999), Second, following Dotsey (1999). t.he monel serves 
t.he pmpose of analyzing the condit.ions \111 cl el' which il technologv itnprovenlPnt lemls t.o 
a short-mn dodinl' in hours workecl in the pH'se'nec of Tavlor l'ules, Thircl. based on the 
empirical cvi(Jpnce t.llat. a mOlll't.ary poliey shock gencrat.cs (\ pcrsistl'nt. 11\lrrJp-shapen 
response of output. (c.g .. Gélif. ]992: I3Pl'llanke ,Illcl \JillOV. ]<)98: ChristianCJ. Eichen­
IXtilm and Ev'ans (2()(),'i). we aSSl'SS wl1e(.\)(:'r the' interaction iJetw<-'f'll tllf' input-output 
st.l'I\ctll1'C ;lnl] stick,v priecs gives risc to this tvpical IJ;It.(Cl'!l in t.he responsc of output., 
'1'1)('1'1' cxists a vast litcrat.\Jrc on tll(' dfcds of tl~chnologv shoeks Oll aggrcgatc Alll'tll ­
ations, A recent SVAR literatll1'e ident.ifies Cl technolog,\! shock as the only one that ha.s a 
2 
permanent E'f:fed on output flnd labor productivity (e.g, Gall. HJU9: Francis and Rallley, 
2005ü). Undcr t,his identificat.ion strat('g.\", Galf (1999) shows t,hat, hours wo]'kcd dedine 
in thc sllOrt. run follO\ving a tedmology irnprovenH'nt shock. Using ilnnllal dat.a, Dt\.'i11. 
FernRld and Kimhall (2006) const.rnct. a direct. all(1 "pmined" measme of t,ec1lllo1ogy 
that cont.rois for llon-kdlllOlogical factors that l11ilV affect mf'aslln-~d tot(ll factor pro­
dllctivit\,. Tlwy hnd that wh('11 t,ll<'dlnology improvcs, t,Il<' rcspOllSC of hOllrs i:-i IlqJ;ntive 
in the short mn and pO:-iitiV(' in HIC tllcdiunl run, 'vVe corrobomte t,his p,lttcrn in the 
respon:-ie of homs Il:-iing SVAR-identined teehnology shocks and post,wc)]" U,S. quarterly 
data. 
Our mil.in findi ngs are briefly summarized as follows, First, we fine! that the mode! 
is able 1.0 replicate the dynal1lic responses of s(~ventl variables t,o a t.ec:hnology shock 
obtained l'rom an estilllated SVAR mode!. Second, unlike Dotsey (lDU9), the modt~1 
prcdicts a short,-rlln dedinc in holll's following a rositive tcdlllOlogy :-ihock tlr)(l(~]' (llt(~r-
lIati ve spcci ncations of tl1<' Tavlor rlllc, 'vVe show tha t Hl(' iHnhiguous r('SI 11 t ohtai ned 
bv Dot,srv (19(JU) concerning thé' respon:-ie of hours limier a1t.el'l1(-1(,ive Taylor mlE's is 
nttri!>llt,lh\e to his ornis:-iioll of h,lbit fOl'lllat,ioli. Thini. the nlodcl de\ivcl':-i a short-l'ilIl 
dccline and ,1 rnedium-l'llIl risc in holll's following a positiV(' t,ec!lliologv shock, The 
medillm-run increase in hours is dite 1.0 the presence of capital rtCCIlll1UIRt,ion which re­
duces the impact of the wealth effect on lahor snpply. WOllld the model flbstract. l'rom 
capital accurnrnulat.ion as in Galf (1999) or Gall and Rab<HliLl (2004), it, would prcdict 
Hdec!inc of hours both in the short and medium flln. 
The model also prodllces Cl strong endogenolls propagahon, generating a [wl'sist.ent, 
hurnp-shHpecl response of out.put following ü mOlletary polie.\" shock under plausibk 
parametcr vnlues. The key factor leading t.o this nnding is t·lle interactioll betw('cn the 
input,-olltput, struct.ure and sticky priees, Either a higher Calvo-pro!>ability of price 
reoptimization or a laI'ger share of intel'l1lediate inpIlt,s int.o prodnction will innease 
thc pcr:-iistence of out.put r1l1d eontribllt,(':-i t,o g('nnat<' il hurnp-shar)('d patt.<'l'\l iu t.he 
)'csponse of output. 
Finally,we il.\so look at how thE' effects of t.ecllllology shocks on employment l'an 
change ovc!' ti Ill<', Elllpirical ('viclcllcc in Dasu ct al. (200G) and Calf. Lopc7,-Salido 
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and Val1és (2003) suggests that a technology improvement had a more contractiollary 
impact Oll clIlployrncllt prinr tu 1980. Galf ct al. (2003) present, allccdotal evidc'ncc that 
this ernpirical fîndillg might, 1)(' explaillec1 h,v a sllift ill thc V.S. rnolletary poli"y ]'(~girnl' 
th,ü lml\' h,lw take-'ll place after 198(). R.eprest~llting the shift in liiondarv policy hy 
il siguifîcant change in parallld.er wllues in the Taylor mIes after 1980. we show that. 
nlOndary pulie,)' is Ilulikely te be t,he source of a changc ill t.\l(' crnploYlllcnt response 
fol1owillg Il t.<'chnulog)' shock. Illst.ead. wc present. cvidence sugg(~sting that. srnallcr t.otal 
fact.or product.ivit.y (TFP) shocks aft.er 1980 are il mon~ plausihle somrr of the rise in 
the crn ploy ulenl rcspollse followi ng a t.cch llO\Ogy ilU provellll'll t iu t,hl' post-1980 perioc\. 
The sc'cond chapt,cr seeks t·o explain the follO\viug postwar V,S. busincss-c',Vc!c saliellt 
fl'at,un's: i) l'l'al consumpt,ion is only haH as volat.ile as OUtpllt.. ii) l'('~al iUVf'stmE'llt, is t,wice 
ilS \'oliltile as output,. iii) hours workrd and lilbor Pl'Odtlct.ivitv an? :30 IWrCE'llt less volat,ile 
than OUt.ptlt, iv) thc vohtility of l'cal wagc's is abOlit half tlw volatility of output. v) 
iuflatioll is '-lO percent less vulatile thall output, vi) eons1.lll\ptiOll. illvcstrncnt, ho\ll's 
and prodllrtivity are ail qllit.e procyclical, vii) lahor prodnctivit.y is almost llnmrrelRter! 
wit.h hours worked, viii) inHation is mildly wunten:yc!ical, ix) out.put.. consulllptioli. 
investrnenL and hours workec! ,Ire ail posit,ivc!y, serially corrclal.(~d at. l'elat.ivc1y short 
horizons and x) l'eRI wage growth exhihits a!most. no rersistence. 
Tt cert,aill1v is a. challenge for ~m.v single model t.o account for nll t.hese stylized fact.s 
ilt once. sillcc adding il ncw t.1H'oretical ingrcdient, t.o a model in onkr t,o irnpl'oVC' its fît 
on c1 particulal' dillJ(,ltsioll. oftC'n dcterioratcs it,s explalli-lt.ory [Jo\\'c'r on sorne ot.lH'r di­
mension. This sort. of knsioll E'xist.s. fol' example. in the model of K,\'dland and Pn'scoH 
(1982) whidl fcat.ll]'(~s ,1 t.inlC'-t,o-hllild tec!lno!ogy and prcfCn'lIC(~S for !cisltl'C' t.hat. arc 
ltot. t.irne-sl'parable, \Yhilc t.1H' first. ingrec!iclIt. IlPlps darllpen illVl'strneTlt, HIlct.uat.ions in 
respons(~ to tf'chnology shoeks, t.he sf'cond generates largel' Auctnations in honrs workerl 
hy constraining hou!'s supplied in different periods ta he intertemporal slibstit.utes. But 
cOlnbining huth ingl'cdient.s i\.lso cornes wit.h a ('ost: t.he vo!at.ility of c()JlsurnptÎo[l is rnuch 
t,oo low, tlw \'olatility of houl's is not high enough, hours and productivity me st.rongly. 
positi velv correlat cd . H.nd t,he au tocorrt~IRtiolls of em ploy"wnt growth prt~dict.(~d hy t,he 
llloc!e! at, short horizolls arc wunterfnct.ual1y negat.ive (e.g .. Killg. Plosser and TI.C'lwlo. 
4 
1988; Wen, 1998).1 
This chapt.er develops and est.imat,es DSG E models t.hat ::;hed new light, on thr' ('onl­
prehen::;iV(' sd, of husiness-cycle st.atistic::; desnibed ahove. vVhik pursuing 0111' goal, we 
have t,o take a stand on t.llP nllmlwr of frict.ions that. 0111' Illor!pl lnllst inc!ude. Here. 
0111' strateg,y is t·o f()clls only on a lllix of nOlllinal and l'l'al frict.ions t.hat Ive t.hink are 
essent,ial to nH'ct 0111' object,ive. whilc dclihnately o[llitting se\!(,l'ill ot.lH'r featmes t.!lat 
havc recently rcceiver! attention in t.he hroar!er litr:l'at.ure. 
The st,l'Ilct.mal parampt.ers of our lnodfds are est.illlat.er! llsing a lllilxirnlllll likrlihood 
procedure. Our salllple of dat.a l'uns frorn 1959:1 to 2006:11. 0111' rnain findings can 
he surnrnarize(j as follows. \Vage coutract,s last bctween 3 and 4 quarters on averilgr'. 
Consllmption habit in the bitseline model is mild cornpared ta other estinwtes in the 
litnittlll'e. Taking int,o account t.he two habits. the (-'videlH'f' dernonst.r ..ü'es that. Ilnhit 
f()l'Illation on \eisurc choic(: is mild, and the degree of the conslllllption hahit is Illostly 
unaffected by t.he prcsence oflcislll'c habit. The estilllates ofinvestrnent adjustrneut cost.s 
cOlllpare \vell with those of others (e.g., Chl'ist.iano et al.. 2()();'»). The labor externillity 
paranwter is rnueh srrlilllcr according to our baselilw lltodcl t.han to ot.ller studies t.lwt. 
ha\!(' also Ilsed aggregatc time scrics (e.g .. \Ven. 1998). Tt. illlplics a rkgn'e of incrcasing 
returns to scale which is relRtively Slllall and similar to the value preferred by I3axt,er 
itncl King (1991). It is also in the range of the parameter values obtainecl hy Cooper 
and ./ohri (1997) witll plant-If'vcl data. 
T1ll'ning; to the baselilH' lllodel's ahility t.o account for tll<' salieut J'catmcs of post.W<-1r 
bllsiness cvclps. the t'I-idence shmvs t,hat, it. providf's C]llitr' a goo<! ('xplanation of thl' 
ul<-lin st)'liï,e<1 farts. First. che model hroadly reprodll(,(:S tll<' sile of l'elat.ive Hlld,uat.ious 
for several aggregill'e variables. The ruodel not ouly prcdicts tlmt inv('st.l1H'nt, is rnuch 
more volat.iif' t,hau output,. whil<-' conslllllption and holll's are somewhat. less volatile than 
output, but it also illlplies that t,he volatilit,y of real wages, productivit.y and inflation 
l'dative t.o thc volatility of output <'He in hroad agreemcnt \Vith the data. 
1Such t.ensions also exist in ot.her weil known mode!s, For exarnple, in t.he indivisible labor model 
of f'lansen (l0RE») ami Rogerson (10RR), Huctuations in hours become larg(~r by a,ssuming ilnport.ant 
non('oT1\·rxit.ies t.hal mal' lTIakr varying l'he numbrr of employecs more efficicnl t.hau wlrying honr" pel' 
workel'. ~)ut. At tlH' cost that tlle rat.io of tlw volatility of 1l0lll'S to t.ht' volat.ility of retUl'l1 t.o working 
1)('('{Jrnes mw'h t.oo I,)]'g('. Sel' nIso Il ansen and Wright. (1992), 
;) 
Second, the mode! is ahle to reprociuce sorne critieal comovernents betwf'en varI­
ables. For exétll1pl(\ Christiano and EichenbaUlll (1992) reint.crpret t,Il(' Dunlop-Tarshis 
observat.ion as ;-1 rll'ar-zero ('orre!at.ion between hours and product,ivit.y. St.andard real 
husiness c,rc!e (RDC) Illodels j)l'('diet thRt this correlation ShOllld be lligh and positivc, 
Thc' correlation lwt.wet'n hOllrs alld proe!lldivity has (lttract,cd ;-1 cOllsiclernblr nUent,ion 
ill rec('nt ,v('ms (c.g., Daxt.('r i\1lel I<ing, 1991; Christ.ii)llo Hnel EidH'llhHUI1l, 1092: Hansen 
and Wright. 1992: Dr;lllll, 1994: )'f<:Cratt.an. 199-'1). Om hasl'lin(' IIIOe!I~] (,OIT('Ct1y prc­
clicts t.bat t.he eorrc]<ttion het,ween t.he growth ratps of ho urs and proe!llctivity is weak 
iîlHl positive. 
Thin!. ane! pcrhaps Illorc ilnportant.lv. the basclinc ll1o(ld generates plctusible busincss­
cycle d,vnamics. revealing the strengt,h of its t'ne!ogenolls propagation rnechnnisms. King 
et al. (1!)~8) have shown t.bat. the standard neoclassical growt.h moclel drivcn by a. per-
minH'nt t,pehnolog,v shock fails to gencratc persiste'ncc in the growth rat,(~s of output. 
invcstmenr. and homs, This finding lcads thcrn to concl\l(le .. t.hat t.lwn' Hf(' rnissing 
clynHlllic clements" (King et, al .. 1988 p.317) to t,he neoclassicai growt.ll nlodel. :Ylore 
rcn'llt.ly. Cogkv and \Tason (1995) ha\'(' shown tha.t. t.his failme i:-; shared IJ.v a Iarg(' class 
of n'al bll:-;incss cycle rno<lds. Olll' cvidence sllggcst,s t.hat tb(' growtll rates of Olltpllt.. 
consllmption, inv(~st.lllent amI holll's aIl exhibit, a posit,ive sc'rial correlation that. hroadiy 
resemhles the persistence ol)served in the ciClt8.. At Hw sallle t,illle, tbt, model correct.ly 
prcdicts that t.here is littlc pcrsistencC' in l'cal wagC' gmwth. 
1'0 ullc!erst.and t.h() baseliuC' rnodd's driving rnechanisrns, wc' isolat.c tlw specifie eon­
t.rihution of ench tyP("> of frict.ion on om main rrsults. \Ve' show thClt. ('aeh frict.ion 
cont.rihut,(,s to the suceess of HIC basclilH' lllodd in il signifierlnt way. \Vag(' (·0I1t.f(lcts 
all()\\' poliey shoeks to 11.ffcd t.he n'al sic1t' of the (~conOlll\' and hr'ir gClwrntc t.]w typical 
hlnnp-sh',!H'd ilTl[J1ds(' ['espolls('S in sew~nl1 reCl.! variablf's. Thf'.\' also ll1agnify t.he ('ffPds 
of t,rchnoiogy shocks on ont,put, consurnpt.ion. invest,lllent and holll's. \i\'ithont t.he wnge 
COIlt.riH:t.S. out.put. volat.ilit.y woukllw t.OO low a.nd the mode! wOlll(lnot gencntte pl<tllsible 
business-cycle dynamics. 
Habit formation for consllmpt.ion c:onsiderahly dampells th(~ initial response of out.­
put, consurnpt.ion and !tours following technology and poliey ::;hocks, Illaking sew~ral 
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variables rcspond in n 1l1lmp-shaped fashion. Invt'st.ment. adjllst.lllcnt cost.s help avoid 
cxcessively large fluctuations in invcstrnent.. out.put and hours. The ('lllp!oyrnent, ext.er­
nali t.y lllé.li!;nifics the l'ffeds of polie.y and t.eehnology shocks on consmnption, invcstrncnt, 
hours and ol1t.pnt. \Vithout t.he ext.ernalit.y, out.put f1uctllations are t.oo sm<111. Furt.her­
more. t.he ext.ernality has a significant. impact on Hw response of real wages following 
(1 policv shock: a post,ive polic}' shock indl1Cf's a slight. decreasc in l'cal wages initially, 
whieh is t.hen followcd by Cl rise in l'cal wages (1uring several periods as the evidence 
snggest.s. \Vit.houl t.he ext.ernnlity, t.he responsc of l'cal wages is quitc countercycli ­
cé.ll following a poliey shock. i\lso, t.ll(' correlat.ion bdwcen homs ,lllfi prodlll'livity is 
significcllltly negative. 
Using thp f'st.illlat·ed lllodel feat.uring both types of habit. W(' giluge the H'lat.ivp 
import.anCf' of helbit formation in consuillption and h'lbit. forlll<1l.ion ill leisure. Our 
resu!ts sllggest that. consnnlpt.iOll habit. is lllore irnportcrnt t.han Icislll'l' habit for 0111' 
Illain findings. \\ïthout the kisnr<' habit. t.1w result.s are almost ullaff(~ctccl. Howcv(~r. 
dropping COIlSlllllption habit. from t,he mode! hilo'-; a significant impact. on the result.s, 
l'specially on the short-l'un respons('s of output.. cOllsl1mption a.nd holll's to technology 
and policy shocks. 
The t.bird drapter explores the reasons behind the spectacular increas~~ in macroc­
conomic st,abilit.y from the Great Infliltion t.o the Great [Vlodenlt.ion. However. llnlike 
previous studics Hwt seek to understnnc! the causes of the large dcclilles in the volaJiJities 
of output grmvt.h ,111<1 inflMioll (e.g .. f\!cConncll and Perez-Quiro:-;. 2000: Blanchard and 
Simons. 2001: Stock and Watsoll. 2003: Sims and Zhao 2006: Smets RNI Woulers. 20(7). 
t.his ch"pt('r proposes a fully-articuJa!ed OSCE nlo(lel of t,ire post.war US ccollomy that. 
not only illvest,igates the soun:(~s of the Great. Moderation, but ,,!so trics t·o harmonize 
for the first, t.Ïllle in this st.rand of literature t.he empirical evidence from rnieroeeononric 
data suggesting that firms reoptimize priees relativelv frequently (e.g., Bib and Klenow, 
2004: Goloso\' and Lucas. 2007: Nakamura ami St.cinsson. 2007: K]l'now ,llld Kryvtsov. 
2(08) wit,ll that. from aggregat(· t,inlc series abOilt the inert.ia! nat,ur<' of the inflaJionary 
pl'ocess (e.g .. Fllhn'r and \[00]'('. 1993: Cali and Certlel'. 1<)<)9). 
Ta this end. we estimat(' a DSCE mode! of the D.S. econorny that, rests on two 
7 
llli1in pil!<us, First" followlng Kimball (1995), price-set.t.ing monopolistic cOllllwtit.ors 
f(1('e a variable clasticity of (krnand, Second. following \Vooc1ford (2003, chapt.er 3). 
labor is specifie t.o tIl(' tirrn or indust,ry. Whi1c implying ft plausible lwhavior of prices, 
our henchmark model goes a long Wét,Y in t,he explétna.t.ion of thr Great I\Ioe!eri1tion, 
('i\ptming close to 8D p('rcent, of t.he sharp decline in tIlt' volat.ility of (JIlt,put growt.h ane! 
86 per(ocnt of the Llrge l'al! in the V<Uiclbility of inHnt.ion, 
13<lsec1 on counterfactllai eXpCrilTl('nts, wc filld ilS ot,lwrs do (c,g .. Stock nnd 'VVatson. 
200:3: Sinls and Zha" 200G: Smet,s and WOllters, 2007: Arias, Hansen and Ohaninn, 2007: 
Lec1uc and Sil!. 2007), that t.he main drivt~rs bchiml t,he rcducec1 volatilit.y in l'cal output, 
growth are t.he shocks, HO\vever, unlike others bcfore us, wc ic1entify IHbor supply shocks 
as tll(' key somee of t.he increa,,'ied st.ability in outpllt. fluctuations, Reminiscent of tIlt' 
evicJenïf' in Shnpiro and Watson (1988) nncl Hall (1997) suggest.ing t,hat. shift,s in labor 
sllpply have been t,he main dcterrninant. of post.wilr D,S, !)\JsiJWSS cycles, our benchlllark 
Illodel assigns close to 50 percent. of t,he dedinc in the voiatilit,y of Olltput, growth t.o 
smnl kr lflhOl' su pply ShOïks, 'VVe abo find t,hat smal!cr invest,ll1ent-spœi fic shocks (e,g .. 
Gwenwood, I!('l'cowit;, Clnd IIuH'IIli.tll, 1<)81'5: Fish('r, 20Dfi) ClC('Ount. for 11('clrIy 22 ])('rcenl 
of the fall in tl1<' volatility of output. growt.h during t.he Great Moderation, In contrast" 
the deïline in the volat.ilit,y of inflation is att.riblltable almost evenh' tCl c1Jangrs in the 
behavior of the pl'i va tr spctor. a less (lccornlllodati ve moneUny policy and Slllèlller shocks, 
130tb tll<' volat.ilit-.\' of output growt,ll and t.he variabilit,v of inflation havc decrcascd 
drnlllat,ically during the Great 1\1odcration, wit,h t,Il<' forlller falling by 55 percent and 
t,IlE:' latter hy C.:J percent 2 Thrpe broacl cat.egories of explanat.ions have bren proposee! so 
far to cxplain thesc large !'ecluctions. A first catcgory sllggests t hat significant. changes 
in cconornic institutions, t.echnology, business practices, o!' other struct.ural features 
have increased the ca.pacity of the economy t.o absorb shocks, For pxample. McConnel1 
and Perez-Quiros (2000) and Kahn, McConnell and Pcn~z-Quiros (2002) argup t.hat. 
irnproved rnanag('rnent, of business inv(-'nt.o)'les, rcsuit,ing frolll aclvanccs in cOlllpntation 
illld COlnlTlllllic<ltioll. l'<'dlwes f-!llctw1t,ions in inventor\' stocks. danl[)('ning Ul<' cvclical 
'21.'o)' fmtJ-wl' f'videllce on t!Je Crea-t i\-[o,iE'mtion, S("(' f'\inl ami Ne[SOII (l'J')')), \IcConndl and F'e}'ez­
qllil'l)' (2(1(10), Illanc!J'lI'(j and Simun (2001) anel Stock and \>\'"JSOlI (200:1), 
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Illovement.s of output .:1 A second ca.tegory. en~mplifierl by the work of Clarida, Cali rtnd 
(;('rtler (2000) am! 130ivin and Giallnoni (200G), arnong others. snys that. t.11(' Federal 
R('s(~rve has fought inflation more aggrcssivdy alter lQSO, incrcklsing t.he stahili/,ing 
powers of monetary poliey4 A thini cat.egory, known ilS' t.he "good lllck h)ïlothesis", 
da.ims t.hat t.he eeonomy has bcen prone to much sllll'lllrr dist.urballC('S after 1<)84, 
A l'ecent. lit.el"itturc has t.ried to reconcile t.he Inicro('r~eonornie and IrIacrol'('(HlOlllic ('v-
ide!H'c about· the hehavior of prices. Using SlllHlllHry st.r\t.istics frOlll thl' Consllmer Pricc 
Index micro dntil compiler! il,v the U.S. 13l.1l'('au of Lahor St.atist.ics, 13ils alld Klenow 
(2004) argue t,hat lirrns dmngr' priees fJnit.(~ freCiucnt.ly. ()lI<'(; even' -1.:3-5.0 Illonths, de­
pending if the.v look at. lHlStc'r! prices or regltlm priees. FO(,llsing on l'l~glllar pri('(~s, 
Nakllmara and Steinsson (2007) find that new priees are post.ed mueh less frequently, 
once every 8-11 mOllths. St.ill, the evidence in Klenow anrl Kryvtsov (2008) says t,hat 
the fre(juency uf priee changcs is somewhere in bct.wecn, once every 4-7 nlollths, de­
pending un the treatment of sale priees. On Hw other hand. looking nt t.lw bPlléJvior of 
priees frol\l t.lw perspect.ive of aggregatt) t.illle spries. F1Jl1rer and IvIoore (1993) )lrovidr) 
evir!('IH'(' frorn cst.intat.ed v('ctor-aut.oregression models indicating t.hat. infl;üion is quitc 
p(~rsist.<'nt.. wit.h positive aut.ocorrc!at.ions out. t.o lags of about. thrcc yeat's. 
Following Ki rnlla li (lD<):,)) and vVoociforc! (2003. d](Jpt,er J. 20l).'i). Altig (~t al. (2005) 
anrl Eiclwnballlll and Fisher (2007) estimat.e a DSGE mode! w\wre monoflolist,ically 
competit.ive firrns faC(' 3 variable elast.ieity of dernand and finn-specific physical capital 
is costly ta ad.iust.. Our model focuses inst.ead on il variable clast.icity of dernand and 
finll-specific labor. Woodford (2003 chapt.er 3) shows that. factor firm-specificity lllav 
inc]'('as(' th(·' c!<'gn'r' of st.rategie eOlllpir'nH'lIt.arit.v bctw('cn pric('-set.t.('rs. l'l'ndcring cllfrcnt 
inAnt.ioll less rcsponsive to Hl!' marginal ('os t .:c, \Vith a variahle dast.ieit.y of dell ta nr! and 
:< ll~ing ose r~ lTlodpb, la(·ovit'Ilo. Sehiant.rll'dli and Schuh (2(JOï) H.nd Pham'uf "nd Hdwi (2(JOR) 
pl'llvide ('videncI' t.hat. chn.ng<'s in t.he volatility of invent,orv shock~. OT in "trtll'tund pa.raTll<'t.ers a,;wcia\.<yl 
\Vit.h invE'nt.orie~ haVE' plaved a minor mie in daJupening t.he vol,lt.ilit.v of output. growt.h and inflatioTl 
durinf!; t.11(; Grcc>'!. ;V\od"rat.ion . 
.1St.ock ,"nd Wa.t.~oll (200:.1). Sim~ and Zha (200Ci) and Smets and Wout.ers (2007) argue that TIlonetarv 
policy had a ~mil.II impa.ct. on the decline in t.he volntility of output growl-h during the Great 1\1oderat.ion. 
"Sel' abo Edgp (200G) who look~ al. the impact. of st.a.ggered nomiDill contra.cts and firm-:;prcific: Ia.bor 
01l thE' t.ransmissiOlI of monetmy shocks froJn the p€'rspective of a DSCE model ci1librat.ed to t.he (J.S. 
postwar ('('Ollom.v, ane! iVlatheron (2006) who U~E'~ Euro data to ()stimnt(' a Np", KeY1le~ii1.1l Phillips Cmve 
with nrrn-speciflc labor. 
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firm-spt'cific lahol'. a firm's margiJlal cost. depeJlds j)ositively OJl its O\VJl lewl of outpllt. 
TllIts, wll(~11 contel'll[Jlatillg raising its priœ, a firtn kJloWS tllilt. il highcr pricc lowers 
dcmand alld outPllt. In turn, Cl lower output l'l'duces l1larginal l'ost, other things l'qua!. 
generating t.he incent.ives for t.he firm to post a lower priee. Therefore, wit.h a. variable 
elastici t.y of demalld and firm-specific labor, aggregate inflat.ion is less responsive ta CL 
givcn aggrcgaJc rnnrginal CDst shock. 
TIl(' el'onOlllV is subj('l't(~d to five types of shol'ks. Om choicc of shocks l'an he just.i­
fied a...'i fo\lows. t\ first slio('k is a raJlr!otl1-walk Jllldt.ifaçt.()J' prodllct.ivity shock. A second 
sho('k is èlll ill\'('SlllICIlI-spccilic sll()('k ill the spirit of Cn'cllw()od. Ikrcowitz rUid IIllH'-
JlliUl (1988). Fishcr (2006) providcs cvidCl](,(' basc( 1 on st.J'lIctura.1 v<'dOT' illlt.oregrc'ssions 
(SVAR) t.hat invfstlllcnt-specific shocks h,we played !1. key l'ole during thc postwm' llllsi­
ness cycle. A thini s!lock is OJlC t.o the marginalut.ility of consumpt.iOII. Using a DSGE 
model wit.h nominal rigiditics and l'cal frictiollS, Gal( and Rahanal (2()0..J) otIer cvidcll(,(' 
t.ll<1t this shoek al'colJJlt.cd for a large fradioll of t.he c'yclical varian('(' of out.put dlll'ing 
t.he post.war l'criod. TIl(' l'omtl! shock is one to t.he rnnrginal disillility of !lollrs. Using 
SVi\n lllo(lc-ls. Shapiro and \Yatson (1988) show t.hM. lnhor supply shocks contribllt.ed 
to at. \cast. 40 pern'nt of po:-;twar out.put f!uct.uat.ions at business cyel(' fl'(·ql.lcncies. Re­
cent.ly. Hn\l (l()97) has argued that t.l!is t.ype of shock had a st.rong impact on short-mn 
output fluctuat.ions. The fifth shock is one to t.he Taylor l'Ille. 
vVe adopt. the following ernpirical stratcgy. First, wc c'stirnntc t.hc Iwnchrnark mode! 
for a smnp!c of dar.a covcring the years 1948:1 t.o 200G:II. VVe US(' the ('cononwtric pro­
cedure proposcr1 bv IH~[and (2001. 20(3). This allows liS to compare O!1l' findings a.bout 
the frcql.lcncy of priee rmpt.imization with t.hose of otll('!'S and 10 (\SS('SS t.hc abilit.y of 
t.he benchlllark lIj()ckl to Illatch t.11(' volatilit.y of out.put. growth, t.he variahility of in­
flat.ion and t.he C0ll'10V('Jl1ent. bet.ween out.put growt.h and inflat.ion dlll'ing the postwar 
perim!. \"".'(' finc1 tlmt. the modf'l reproduces tllese mOlnents wit.h accuracy. Assuming, 
as in standard Calvo-style lIIor!els, a constant demand elast.icit.v and integrat.ed labor 
markets (i.('. without. firrrH,pecilic Irtbor). our est.illlatcs suggcst. that firrns reoptirnize 
priees once evcry ,).4 c]\la.rt.ers on average r!ming the postw~1I' pcriod (see alsn Galf and 
Gertkr, 1999). \'v'hich sec'ms likc an irnplausibl.y long pcrioc1 of tirrH'. vVit.h a const.ant 
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eiasticit,v of demanel and finn-specifie labor, t,he frequeney of priee reoptimization de­
c.reases t,o once every thrce quart,ers on average. \iVith a variable cJasticity of dernallC] 
and firlll-spccific laho!'. it, dcclines further, getting close t,o once ewry two qlwrtcrs. 
l\Ienll\vhile. thr estinlat.ed model does qnitr weil in matching the vector <llltocorrela­
t.ion funct.ion and tilt' l<1ggeel cross correlations from a veetor rllltoregression. Tlle model 
is alJle to pj'('dict il persist.cnt inflation, despit.e our omissioll of any inclexing sclwmc 
linking cUITcnt. to past. infiat.ion G It. aJso genenües posit,ive short,-rtIn seriai cOITelat,ion 
in the growth rates of pel' capita out.put. a.nd hours, implying plallsible hllsiness-cycJe 
dyn<:1mics (e.g., Cogley and )Tason, 1995). 'vVe find t,1l1lt. SllOcki'i Lo t,Ile marginal disut.il­
it.y of hours account. for the bulk of the cyclical variance of output, (lming the po::;t.wm 
period, foJlmved hl' invei'itment.-specific shocks. 
The model is next reestimated using a sample of dat,a covering t,he Grrat Infiation 
(194~:1 t,o 1979:II) and t,he Grcnt l'vloder<ltion (1984:1 to 200G:II). i\gilin. wc find that 
the [H'nc1111tark Inodel closeiy mat,ches tlw volat.ility of l'cal out[lIlt. growt.h, the volatility 
of infiat,ion ami the correlation bet.ween out.put growth and inflat.ion dlll'ing the t,wo 
subperio(ls, The model accounts for mOi'it of t.1l(' sharp d<:'c!ines in t,IIC' vo!at.ilities of 
output. growth am1 infiation, prcdict.ing a 43 percent. fall in th(' volnt.ilit.,v of output, 
growth ami a 56 percent cleeline in the variahilit,v of inflation aft,er 198'-1. close (-0 the 
percentagt~s ohservrd in the date\. 
\Vc arc ahle to dctcct, st.atii'itical1y significant. changes in sorne stl'llctmal paralllctcr 
values From t.he Great Infiation to the Great :vlodcrat,jon. Hahit. persi::;tcncc clec:rcases. 
The eiegree of invest.lllent acl.iust.ment costs increases. The Federal Resprve's t.endency 
to slllooth dwng<:'s in interest, rat.es deereases, wl1ereas monetary poliey [WCOlllCi'i less 
acconnnoc!n ti ve in rei'iponse to inflation (see aJso Clarida, Galf and Gertler, 2000). The 
eomposit.e parameter governing t.he responsivenei'is of infiat.ion t,o t.he marginal cost falb. 
implvi ng t,lla.t. the frequency of priee reoptimizat,ion increases i'iomewha t dming 1- he Great 
i\1oderat.ion. However, it lliways relnains lInd(']' threc quart.(~rs in cn('ll slI1Jp('riod. 'vVe 
also fillel important diA'('[('nces in tlw .-:stimMeel varianc(;s of thr sllocks. hnt no strong 
r\'ieil'ncc:' of st,iüisticall,v significant changes in the [wl'sistence of the storhastic processes 
('f':ichrnhilIlJn illHi fi~IJ('r (:2007) i\1~o (:onsid(~r tl1<' rm;~ibilitv of ,) lall; hctwrl~n tlm t.imc at. which finn~ 
reoptilllizf' t.heir prier piam,. >1-11[1 t.he t,illll" at. wllich t.lw'y irnpif'llI(-,nt t.he new plnn. 
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genemting the shocks. 
Chapter 1
 
The Transmission of Shocks to Monetary Policy and
 
Technology: The Role of Intermediate Inputs and Sticky
 
Priees U nder Taylor Rules
 
1.1 Introduction 
This chaptc'r dc'wlops él g('IlC'ral cquilibrillrn rnockl t.hat.lwlps ltrlclcrstr\l1d the rnacrül' ­
(:ollolllic ('ons('qU('Ilc('S of t.he intcract.ions lH't.w(,cfl H roundahüut inpllt.-out.]'J\lt. st,ruet·ur<" 
st,ieky priees. il fr\\' plélusih\t' l'rai frirt.ions rlfld Taylor-t..vpc' monc't.,tr\' polie)' mlc's, The 
model is Ilsed t·o address t,he following isslles. First.. the Dredict,iollS of the 1110dd COIl­
ccrning t.he adjustnwllt of scwral variables to a t.cchnology illlprovcflIcnt, arc cOllfrollt.ed 
with t.ll<' enlpiric;lI filldillgs from a strud.ural v('etor autorcgrcssion (SVI\H) wlwf(' the 
technology shock is ident ifieel along the lines suggested b,v Gal f (199<)), Srconel. followi ng 
Dot,scv (l <)99), the lllodcl is ll::;ed to analysc the conditions IllIdc'r which (\ tcc1l1lology 
irnproverncnt lC'ads t,o êl short-run declinc in hours worked in the presence of Taylor 
l'Illes. Third, basecl on the empirical evielence that a monetmy policy shock genern.t(~s 
a persistent. IlIllllp-shaped respOllse of output, (e,g., Gall, l <)()2; Dernanke and lVlihov, 
1998; Christ,i,lllo, Eichcnbaul1l and Evan::;, 200::», wc asscss whetlwr the illt,c~raction be­
tween thf' input-out.put, structure and st.icky priees gives rise t.o this tvpicrtl pattern in 
thf' response of out.put. 
1\ n'cent SV/\n lit.eratlll'c idcnt.ifies a technology shock as t.ll<' only one' that. has êl 
pcrmarl<.'nt dket. on output and labor productivity (e.g, Gn.lf. 1999: Frallcis and Rarncy, 
20();)a, hl. Ulldf'r t,his ident.ificélt'ion st,rat,egy, Calî (1 <)<)9) SllOWS thM. homs worlœd 
dec!im' in th~~ short mn fnllowing a technology ilnprovelllent shock. 1 Using êlnnllétl 
'II ~hnilld 1", strp~~('<!. lH)\\'f'vt,r thM t.he rpspnllsf' of h"lIrs workf'<! t,n n positi\'(' t,E'c1lf1ology shock is 
Sl·llsil.in' lu the l.r(',lIn"'lll (If huurs in III!' SV.\I1. V\ïll, first-diffl'l'l'Tlll·d hUUL, il" in (;,di (I!)!)I)), hOllfs 
fall "ft,~r a· positive tf'cilllOlo(.,'''' ~hock. \,.Vit.h holll's in levE'1 il;' in Christiano. F:ich'~lli>allrtl ,1I1d Vigflls~on 
(:2[)()•• ). hour" riSl~. Still. th,> l"vidf'n('l< in Fernald (2()[)7) ~how,,> t,hnr holll''' fitl! E'VPll wit,11 Il''\Il'~ E'Tlt,pring in 
]cvc] if il st,l'\J('t.llI'al hrcak in Ia.bor prorillctivity i" aIJow0ri. U,..;illf!; an illiProV('<! 11ll'dSlll'l' of [1<'111''' wmkc-'ri. 
!,'rancis and Raine." (200Gb) also find that iJnth tlw lewl and tJ,e nrsl-diAprellt'p Spt'('ificatioTl [ead lo il 
filIJ in hours folJowing a. positive tec:hl1o!og)' ,hock. 
13 
data, Dasu. f'el'l1ald and Kirnball (2006) constmct a direct and "p1ll'ified" measure of 
technology <Hld nul! t.[wt whell thechllology improv('s. the respouse of hours is ucgatiw 
ill the short l'un and positiVf' in the mediuru l'llTl. Vic corroborat.c:' t.his pattern in thu 
respOllse of hours using SVAR-ident.ified t,echnology shocks and postwar U.S. quarterly 
data. 
The 1l10dcl incllldcs the following st.rllctur,\1 ('olllponents. t'irst. as ill Dasu (1995) 
and Huang, Liu alld Phancuf (200.:j), the rnodcl fcatun~s au horizoutal. fOundahont 
input-outPllt. st.ruet.me. Second. uomiual priees are l'eoptiJlli;œd on t.he basis of Calvo­
typccont.ract.s (L'.g., Yu Il , 1996). Third, the mode] account·s for a variahle u(.ilizat.ioll mt.c 
of cnpit.al (e.g., I3ul'lIsidc and ~ichenbaulll. 1996; Chl'istiano ct aL, 2005). FOlll't.h. thu 
mode! includes habit. formation in consumption (e.g., I3eaudry and Guay, 1996; Fuhrer, 
2000: ChrisLiano et al .. 2005). Fifth. investment. is costly t.o adj IlSt. (c.g .. Christiallo 
ct al., 20Ur». Sixt h. W(' IIS(' diffcrcnt. Taylor-t~'pc spccificat.iolls for the lllo1wt.ary policy 
1'I1\c. 
Dm Illain result.s an' as l'ollows. First. we find that t.he mode! is abl<' to n'rlicate t.he 
dyrU:lluic rcspollses of sevcral variables t,() a tcchllology shocl< oht.ain('d from all ('stiuli\t.cd 
SVi\R 11lol!CI. Second. lutlikc Dotsc,'y' (19DD), tlw Inodel pn'dicts a SIIOl't-1I111 dcclinl' ill 
ho1\1's followill?; il posit ive tpehnoiogy shock undpr ail dirrt'l'cnt slweifieal ions of the Taylor 
l'1llf~ t,jHJt, Wp examine. \Ne show that the ambignons rcsnlt obtained hy Dotsey (ID!)!)) 
conccrning tlt(' respom;r' of hoUl's nnder alternative Taylor !'\lies is at.trilmtilhlc to his 
ornis::;ion of habit fOl'lllation. Third, we show that thc model (](Olivers a short-nlll duc1im' 
and il 1l1ediuJl1-flln rise in ho1\1's following a positive technology shoc);:. The medillm­
l'un incrcase in hoUl's is duc to t.he preSPllee of capital accumulation which reduccs thc 
impact of tlw wealth dfeet Oll labor snpply. Would the rnodd nbstract l'rom capital 
aCCIIIllIll\t1at.ion as in Gali (199!)) or Cali and Rabanal (2004). it would predic:t a decline 
of ho1\1's bot.h in the short and medium rtln. 
The mode! is a!so abl(' to producc Cl st.rong endogcllous propngrlt.ioll, gl'ncrating il 
persistcut., hUI11p-::;hapcd rcspO!lSC of output fol1owing a nlonet.ary polie,;, shock Imdl'r 
pla nsi hIe parameter l'aIl tes. The key factor leadi I1g to this nndi ng is t.he intf'fClct,ioll 
hctwcen the inpnt.-out[)ut. st.ructurc and st.icky priecs. ~ither il high<'f Calvo-probabilit.y 
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of priee reoptimizat.ioll or a larger silare of intermediate input.s into production will 
inCl"case t.ile persistence of output and eont.ribute t.o generate a hUl1lp-shapcd pat.t.crn in 
the rcsponsc of Ollt.put. 
Finnlly, we "Iso look (1\ ilow t.ile efIccls of lcchuo]ogy shocks on crnp!o.\'nlPnl can 
chilngc over tinw. Empiricn! evidenc(' in Basil ct al. (200Ei) and Calf. L<Îpf'7,-Salido 
and V(lIl(~s (2003) suggest,::; tllil\. il \cchnologv illlprov('m(~nt had il more (·oltt.ractionar.y 
irnpact on ('l1lpIOYlll('llt prior 10 1980. Gali et, al. (2003) present allecdotal ('videlle<' 
that this cmpiricill fillding Inight be expJained by a shift. in US lllonetmy poliey regim(-) 
that could have U))..:en place al'ter 1980. Rcprcscnt.illg the shift, in rnonctary poliey by 
il signifîeant. changc in pararnet.er vailleS in the Taylol' l'Ulcs af\.t'l' 1980, wc ::;lrow t,hat. 
monetmy policy is unlikely te he t,ile source of il ï.lwnge in the elllploymrnt l'(~spons(~ 
fojJowing a t.edll1oJogy shock. Inst.ead, we present. evidenee suggesting t.hat. smaller TFP 
shocks aft,()l' 1980 arc a morc plausible SOlll'CC of thc ri sc in t.ll(' clllploynH'r1t response 
following il t.cchnology irn proverncllt, in t.he post-1980 period. 2 
The l'emainder of t.he chapter is organized a~ follows. Sect.ion 1.2 presents t.lw SVAR 
evi<1('IIC(' 011. tll(' drccts of tcchno!ugy sllocks. ScctiOlJ 1.:\ dCSCT'il)('s the DSGG Inüdd 
t.h"t sel'VC~ for thc pmpose of om investigat.ion. Scction 1.4 justifies the c!lOicc of OUI' 
calihrat.ion. The main res\llt.s ilre pl'esent.ed alld disclIssed in Sect.ion 1.3. A SE'llSit.ivity 
analysis is condllcted in srctiort 1.6. Sect.ion 1.7 provides concl\\sions. 
1.2	 The Effects of Technology Shocks in a SVAR Model with Long­
Run Restrictions 
Fol1owing CiLlf (1<)<)9). wc idellt.ifv t.ht, t,pchllology shocJ,: as tlw onlv one t,hat has Il 
permanent dfect on l<liJm prodndivit.\/, \Ve consider tll(' following six-variable !11oving 
"vcmgr. rcpresen tation: 
~ Sel'. chapt.er ;3 for more detai Is <ln t.his evidence. 
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C(L) is (ln inn nite 6th arder pO!YllOlll ia 1 in the lag op(~ra tOI' L, (lnd 6. is t!)(, rirsl­
differellce operator. The vedor Y, illc!udes average labor produeti\'ity p;rowth (6.,1:,). 
the l'Mc of change of hO\lfs (6.h. , ). the rate of change of nominal lVilg(' (6.U'I)' t,Il(' rat.e 
of inAatioll (6.1)1). il ('ap'H'it.v ut,ilizat.ioll rat.e (z,). and t.he short-t.ernl lloillinai int,cfest 
rat·c' ("/,); Er is t.lw te'chnology shock ilnei c:~', c;". ::~'. c:i. c;. an' lloll-teehnological shocks, 
Tlw long-mIl fest,riction st.ipulatcs t.hat t.he unit mot, in ilVC'Hl,!.';(' labOl' prodllctivity 
l'('~ldt.s ('xcliisiveiv fl'Olll t,Ii(' t,c('hllo!ogy shock, This asslllt1ption illiplies t.hat. C1i (1) = 0 
fol' , = 2, ;\ . . G. The syst,pnl is estimated IJSillg the cconorn<'tric proc.edurr proposed by 
Shapiro and Wat,son (1988), The dat,a. which are CjlHJlterly, eoW'r the sanlple 1050:I­
2001:IV,:' 
Figure 1.1 c1isplays the impulse l'csponses of sorne sckcted variahles t,o a posi ti l'e, one 
percent technology shock. 4 Hours decline in the short, nm when technoJogy illlproves. 
overshooting their pre-shock levé'l two yems after the shock, )l'ote also t,hat ilft.er a slight 
short-nlll c1<'cfl'asc, output graclually rises t,owarc1s its higher stcady-stnt,e Icvcl. As it is 
the cast' for Itours, tlte capital Iltilization rate falls in the: short. lïln élnd t.IH'1l increases 
in t,h<è medillm lïlll, Real wages gracillalh' rist's t,owards t.h(èir higJl<'r stcaci.y-sti1t,e lew1. 
Inflat.ion fHJ!s weakly but. p(,fsi~telltly. The nominal int<'n'st ratc' also we,)klv declines. 
These tindings arc broaclly consistent, with those reported bv Dasu ct ,I.I. (2006), 
3Thf> clata are taken frolTl t.he HaVf>1' Am.lvtics Economies Dat.abast:. OUI.put is the output in thf> 
nonfarm hllsines.~ sec'tol' (LXNFO), Ilcll.ll's a.re nlPaslll'ec\ by tota.! holll''' in the nonfarnl hnsiness ~cct.or 
(LXNFH). \Jamina.! Wilgf> is t,ht, (·olTl)wns>1t.ion pel' hOllr in the Ilanfill'lfl hllSilws~ sect.or (LXNFC). C'J­
paci!.." IItilizat.ion sc'ries i, the milnllfac:tlll'ing inrlll~trv'" capacity inde7' (GlIi\II-'C). \Jomina! intere~t l'ate 
i~ t.hc' T]1I'l"e-i\\olltll Tn'asurv Bills (rTB:I), The priee inoP7' io t]lt: implicit pricl" e1l"Aator in t.he nonfarm 
businC's,,; scetor (LXNFI). Output and hol1l'~ me conVf'rterl to pel' cilpit.a t.C'rms al'ter beinp; diviclcd 1))' 
tlw c:ivilia.n n"nill~l:it.ntillnél.1 popllln.l:ion IG l'l'arS ,).nel OVl'r (I,\JN). 
II\~ a l'<lbnst.llt':-'S check, w(' "llo\\' ]1(JllI'S t.o l"nter the svstem in e1,~viatiüTls l'rom a l]1mdratic: trend. 
T!w n\'lilt., 111'(' ,inlilnr to t.hos(' übtailH'r1 in FignH' 1.1. 
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1.3 The Model 
This s('ction dcscri!Jes t.he rnain huilding bloc!<s of t.ll<' rt1o<!cl. TIl(' ecot1orny con­
sists of ri. rpprescnt.ntive honsehol<t a finished-good prodllcing firln, H Im'gc number of 
int.ennediat.e-goo<! producing finns indexed bv i on t.lw cOlltinllllm () t.u 1: nncl H rpntral 
bank. 
1.3.1 The Representative Household 
The illfinitel.y lived representative household rlerives utility fronl (;onsllll1ption and 
leisure. His preferences are rcprcsent.ed by the ex]wctt'd lltilit.y fllllct.ion: 
(1.1 ) 
wherc (j E (0,1) is dl<' subjective discount factor. CI is ri cornposite of diffcrentiatcd 
(:onsllrnption goods at perioc] t .. and 1) E [0: 1] rneasurcs the degrec~ oF habit. fOlTnat.iull. 
Th" hOllsehold enters period t wit.h bond holdings DI _ 1 an(] il prt'dctt:rllli ned stock 
uf physical capital Kt. Hc' supplies IIt Ilnits of homs at. tll(' norninal wag(' n:\t.t' W I 
amI r('nts ['::t unit.s of capital at the nomillal rentaI nlt·e R7 t.o t,Il<' intC'l'rncdiate-good 
prodllcing hmls. As in Christiano rt al. (200,,)) .. wp aSSllrlW tllilt ,'" t!l(, Iltili;,cüion rat.e 
of (,;lpital. is sd. h\' t.h(' hOllsC'hold at t.llE' cost of 11(':,)[,',. which is C'xprcssed in units of 
t Iw finisll('d good. It is asslllnc<! tha.t. u(.) is an in(,[(,rlsinp; and c'onv('x fnlll'tion sat.isf.ying 
11(1) = o. 
At t.he end of periocl f: the houscholci receives total dividends Dt l'rom the nrms. 
He purchases Dt units of bonds. CI unib of the consumption good, é:lnd l, units of ail 
investmcnt. goocl Ht. t.he nominal priee PI l'l'mil the finishccl-goocl producing fil'lTl. Let R, 
1)(' th" gross nomini1.J interesL rate l)etwœn periocls 1 i1.nd 1+ 1. 
The llOuschold ['aces t.he Aow hlldget const.rHint.: 
(1.2) 
ln ol'(kr t.o pn'vcllt. the hO\lschold from runlling PUrl/,i sdlellll's. wc' illlPOSl' (J1l explicit 
borrowing (,ollstraint: BI 2: -B, B 2: O. 
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The capital st,ock evolves according to: 
(1.3) 
wlwr<' b is thc dcprcciat.ioll rat.e. Following Christiano et, al. (2005). the second tcnn 
on thr rigllt-hrUid side of (1.3) ('rnbodi~~s investnlPnt adjw;tment costs. The funct.iol1 
S(.) is posit,ive, conv('x and it sat.isfies S(a) = 5'(0.) = (J, where t.he pa)(lIlwter (1 is 
Hw steadv-st,at,c gross growt,h rat.!' of 011 t.put (sec helow). Invest nll'lIt adj Ilst.lllent, cost.s 
alln\\' Tobin's Q to V,lI)' in ]'('sponsc t.n Hw shocks. The hOl1scllOl<I scl'ks t.() maxill'liz(' his 
utilit.y fl1net.ion (1.1) sllLJjl'ct t.o the IHldget. constraint (1.2) and capit.nl accllll1l1lat,ion 
l'fInation (1.3). 
The first-or<.kr condit.ions of the houschold rnaximi7,ation's prohlcrn me: 
AI = ( 1 ) _ j1hEI ( 1 ) , (lAa)CI - bC'-l ' C'+I - bCI 
71(1- H,)->; = A,Wt/P" (1.41» 
(1.4(') q, = 1-:;, [/11\1+1 [~::: Z'+I - 11(,31+1) + (1 - 6)(2,+1]] 
1 - L, [;h\,+1 QI+I S'bU+1 hr,]Q------,-----=-----,---------,-----------,------=- (1.4d) 
1 - [1 - S(~fl,') - s'huhui ' 
1/(:::1) = R~ j PI' (1.4c) 
whcrc A, denotes the mnltiplier on the 1>1.1(1(>:et, constraint (l.2) and J'\, 1 = ,;\'I . Eql.la.­
'-' ., , f 1 
tions (l.4a) and (1.4b) denne the consumptionjlcisurc trade-off and stat,c that the 
lllHl'gina! rate of snhstit,lltion lwt,ween consnlllption and leisurc is equnl to tilt' real wagt~. 
Tlw Ell]('r COlI(lition for ulpit.al (1.4e) j]]llstrat('s thM tltc Shr)(iOW priel' of instilll(~d ('iiP­
it,,,) as !!W(\Sllln! hy Ilmrginal Tobin's Q de[Jcnds Oll trI(' l'X I-)('Ci('<1 fllt,url' Q vallll' nd of 
dcprcci,üiO!l pliis tltl' l'x[wctcd ftülIrc rctul'll on capital !lIillllS t.tl(~ cost of cltnnging the 
fu t,ure ra t.e of ca pi t,al Il t.ilizat,ion. Equation (l.4d) gi ves t.he opti mal levpl of inv~)st.lllent. 
It. illlplies t.haJ investment is increasing in Q. Equation (1.4e) inclicates t.hat t.he opt.illlai 
rate of capi t,LI utilizaJion involvcs weight.ing the benefit and cost of a rrlmginl11 inClcrnent, 
in lIt.iliilat,iou. 
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1.3.2 The Finished-Good Producing Firm 
The reprcsclltaJivc nnishcd-good producing firrn act.s competitive]y ill t,he finishcd 
good market.. It produces li quantit.y rÎ of t.he finished goocl using t.hE' Dixit-Stiglitz 
aggregMor: 
1 ]O/(O-Il 
v < / 1 r (H-l)/Hd ,1{ _ l i ./ 1. , (1.5) [
. () 
wherc l',f dCllot.('S the qnantit.y of Hl(' int.crrnediat.e good i used in the product,ion of 
t.lw finishcd good. and the pararneter 0 > 1 is the elasticit,y of substit.ut,ioll lwt.ween 
diff(Jrentiélted intelïlwdiate goods, 
The finislH'd-guod producing finIt purchases Yi.! nt price p,.!. l'II<' first,-order condi­
t,iOll ('orrcsponding t.o t.he prufit, tIlilxirnizat.ion problcm is: 
p )-(1l~.J -". ~f! Yi	 ( l.G) ( 
TI\{' i\hsCTl(,(' of profits fol' t,he filln implies: 
1 ] I!( 1-II) 
PI = 1pl-Hill ,	 (1. 7) [	 1. .1. Il 
1.3.3 The Intermediate-Good Producing Firms 
The illtermecliate-good firnl 'j uses capit.al services ,ètJ{i.l, labor Hu and an int.erme­
(Iiate input X,,, 1 to prodllce, according to the following technology: 
{I( [' )O(A H )1_o'l-ô vCl '''' 1 11 ,) ,;Y . = ::, \1.1 1 i,/, J A 1.1 - ;'1f'l' if (::/[\',/)"(,-1/HI.I) -0 ;\:j/ 2: AI<P 
, f 
o	 ot.!wr,vis(" 
(1.8 ) 
who'J'(' the t('I'Ill in SCl'I,Hr' ilrackets corresponcis to wi.hlP-adcied, () E (0,1) is the shaH' 
of capital services in valtle added, and the ri> E- (Cl. 1) dellot.es the shaH~ of intermediat.e 
input,s into proc!U('t,iOll. The par3mct(~r <P > 0 l'eprescnts an cndogcnous ('om1110n fixed 
A, c1enotc~s t,lw alSgrr'gHte lahor-a,ugment,ing ]evp] of t.cchnologv. It is gpnera.ted b,Y 
th(' foll()\\'ing IO[2;ilrit.llIllic' ralldorn-walk pl'OCCSS wit.h drift: 
(1.9) 
;'[(otemherg; and Woodrord (I!l<)!i) argut' that average pme protits in t.he \J,S. econoll1,v have been 
('Iuse t.n 7,<"ru. In uur (ontex!. t.hi~ pnssibilitv is ililowen throngh th<, intr<Jeilldion of the tix<'n (ost.. 
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whel'e n > l, =n,1 is a zel'O-me"n. st'ria!Iv uncorre!<üed. normal Iv distrihut.ed vilriabl~' 
wit.h st.andrLrd d('viation 0"". 
AIl input.:; an~ produccd in cornpditiV(' nHlrl<ct.s. Eaeh [wriod. t.ll(' repr('sC'nt.atiw 
nrrn's cost-lllinil1lization problelll implies t.he following first-ordcr condit.ions: 
Yd + AI<l» WI(1 - 0:)(1 - f,?)' . IIU', = -. (l.lOa) ( H'd PI 
. (Yi,! + A11l) R~
o( 1 - (/1) '_ mc, n' (1.lOh) 
ni./"'I n 
YII + At'l»
cf; ( , me, = 1. (1.10c) Xi,! 
where 111(;, denotes t.he aggregat.e real marginal cost.. The cost. rninirnizat.ion condit.Îons 
st.atC' that tlw firm ('quates t.he rnarginal product. of l'ael! of input. ta its l'('il1 priee. 
III Crlell peri()(l. a firrn i frlces a fixed probability 1 - ~ of reoptirnizillg it.s priel' 
Pi.'. Aecordinglv. t.llt' nvt~rHge arl101l1lt of t.ÎnHè het.ween priu' reoptimiza.t.ion is given by 
1/( 1 - ~). Following Christ.iano et al. (2005), we a!so aSSUllle t.hat firITIs which ,tre not 
p('rmit,tel! t.a reopt.imize their priees in él pl~riod usl' tlll' follawillg simple rule of t.humb: 
P" = "lrt_1 n.I-I, 
wlwre "lri = }), / Pt-I' Hener. t.hest' firll1s part.ial]v index their priees tu past inRat.ion. 
with f',' nl('Hslll'ing tl1{' degre'l' of ilI<kxntiOI1. As in Christiallo ct al. (200:i). thl' UN' 
f', = 1 corresponds to bill indcxa.t.ion of I)riccs. Sltch an indexation SclH'lliC inlT('asl's 
infiation pcrsist.encl'f; 
Let. d'+j lw t.he real profit. af the represent.at.ive firtu in period t + j; dt +j is given by: 
d'+j = [U\tlPt+J)I-IJ(Pt+J-J/Pt-lt - (Pi,l.lPt+i)-lIrnc/+J] Yi+j - J1'+j<l> mci+J 
(1.11) 
In ct symrnetric equi!ibriurn. a]] firrns allO\'ll'cl to reaptimizl' priees c:hoŒc the saillE' 
opt.imal pricl' Pt 7 Profit. lllaximizatioTl !('ads t.o t.he following first.-o['(!<'r ('ondit.ion for 
"'l'hl' ('l'id('nC'e in Cil.li Mid C('rtler (l'J')')) Ic'ndo SllppOn. for t.hE' pre~enCl' of laggpl inAation in thl' 
~l'W 1,C'\"nl'~ian l'hillips ('11I1'(' (:~I,I)C) ('qwüion. 
7 Noté~ \".hat tlli., is not. ,,1,,'"".1" tilt' ("cbl'. Colo~()\' and Lllca,; (:l007) d('wlop a gl'neJ<l.1 eqllilibrillTn 
lTIoc\"i wi th ot ;H<,-d"l.l"I1II<'nt. pri("ing i 11 Wil ich hetl,rop;!'lll,i t\· in ind i l'idwd pri("i Iig d<'ci.,ions a.risé" dlle t·o 
idio,,\·nnn.tic prodlldil'it\· ."hocb. 
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t.llf' l'etat iVE;' prieE' P,' / p,. 
P/, El ~~()(âO} [(1\,+i/1\,)(P'; Pr+j)-O}~+jm(hj] (1.12)ff = Il El ~'/~() (/j()i [(1\1+) AI)( Pt / p,+}) I-O( P'-I +i / 0-1 )~)~+jl' 
wh('rc Il = l'~ 1 > 1 is the steacly-stak rnarknp of price over marginal cost.. wliicii is also 
t.he desired markup with rerfectl.y flexible prict~s. )lote t,hat. ,IS K rises. tht' dasticit.y of 
t,hR nrlll 's opt.illlal relat.ive prieE:' t,o past, inHation illcreases. 
The aggT<'gat.(' price l('v<'1 in cxprc'ssion (1.7) l'an [H' rC'forrnlllat.ed iLS: 
pl-I) = (1- c)p-I-O + C(rr" f',_ )1-11( "1" (-·-1 , 1 (1.13) 
The aggrl'gatl' resolll'ce cotlstraint of tlH:' (,CO!lOlll'y is given by 
(1.14) 
It. is useful to ddine the value-added f~ a~ 
(1.13) 
In \Vhat, follows. IVE:' l'der tu vaJue-added as output,. 
1.3.4 The Monetary Policy 
\\'!' aSS1Hl\(' in tlI(, l)('nc!ul1ark nlOdd thnt. tl1{' l-hlnnl H('sprv(' sds the tlominal 
intcf(~st, rate in accordance witll t.h!' following Taylor-type of fllle: 
(1.16) 
\vhel'<' ni. Ïl,. and l·y.1 denot,l' the devintions of the nominal int,crest rat.('. the rat.e of 
inHation and t.he growth rat(' of output fmnl their respcctive stcad.v-statc' valtlC's, and 
'01'.1 is a Zl'rO-!IlC'i:ltl. scrially uncoITelat.eo, normally dist.ril>lJted variahle wit.1I st.andard 
deviat.ion CT r . 
This sp('cification diffcrs from tll<' standard Taylor (1993) rule. First. it allows for 
the gradua.l adjust.lllent of the nominal interest. rate. Secoue!. it fentures the growth rate 
of the output gap ratber théW the level of the output. gap. Ot.her eXi\.ll1ples of lllodE'1s 
where t.hE' Taylor rule feat.ure~ output. growth include Erccg and Lcvin (2003). Gali and 
Rabanal (2004) and Liu aud Phancllf (2007). 
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1.3.5 Equilibrium 
Ulldel' clearing of fador market.s, wc have J;)I Hu = HI . .1;)1 [,:,1 = f\',. ;lIlei .f(; X" = 
XI, while uncler clearing of t.he bonds market" DI = Dt - I = O. 
The household 's preferences a.ncl t.he prod uct.ion tecllllology are consistent, wi t.h bal­
allced growt.h. I3ecause of t,!w mndoTll-walk specification for t.ecllIlology, the follow­
ing t.ransfot'lnat·ions arc reCJuired t.o ensure st.at,ionnarit.y: c, = Cf/AI' )JI = Y,/A" 
y, = ft/A,. 'i, = Ttf.4, , /,;'+1 = I<:'+I/A/. x, = XL/A" 'U'I = (Wt/Pd/A/. ).., = /\,A,. 
0-1 = AI/A,_l, F1Jrtlll:nllon~. Wl' Id. rt" = RUPI . 
The rational l'x['H'ct.at,ions l'quilihrillln for t.his ecollollly is r1 sel. of t'nc!ogenous pro­
cesses for {CI, H" /'-'+1' i" ;:" r7'. W", /\" me,. Rt , !II, :1/" l'I, n, Pt, A,}, that sat.isfies the 
follo'wing conditions: (i) t.aking ail priees and l'l'al wages as giwn. t.ht' hOllsehold solves 
his utility optirnizatioll problcm (1.1) sub.iect to his hlldgd. const.nlillt (1.2) rlllt! the cap­
it.rd accumulrll.ion eCJlwt.ion (1.:3): (ii) taking the factor prices and a11 ]Jrices hut, it,s own 
i1.S given. eilch fit'ln solves it.s ]Jrofit, nmxilllization prnblern: (iii) the rnonetary ft\lthorit.y 
follows (l.JG): (iv) ITI;trkl'ts fOI' fact'ors. bont!s <1nt! goods Ck;lr. T!I('se arc: givcll the' 
init.iai condit.ion of t.he l'conorny and t.!le pxogenolls procpsses for the t<;chno]ogy s!lock 
(1. C)) and t.he monet.ary poliey shock. 
1.4 Calibration 
The calibn:\tion of the model's J)flramet,ers is typical in t.he business cycle literat.ure. 
First. the required zero-profits cOlldition for t.hp fi1'1ns ilt the stcacly st,at(' irnpli(~s t,hat 
tilt' share of the fixcd ('ost in gross 01lt.pllt is eC/lli1l t.u l' - 1. The C]llartnl.y dt·'preciation 
rat·(' cl is set ('qUel 1 to O.02."l. ",,;hicll illlplies rln anllllilliz("(1 (It'pl'f'ciillion l'ille of' 10%. The 
shaH' of ('flpitnl in valuc-;Hldcd t'Y is Sl't ('qlwl tu O.3G. \;\'(' calibraI<' the st,eady-st,at,(' 
values of thl' gross nOJllinHI inkrl'st, rat,(' R. éllltl t,Ill' gross growth ratc of t,echnological 
pl'ogress n, sudl as t.o match US dat.a over the periori 1950:]-2001:IV. 
\Vit.h respect t,o thp cost, shan~ of t.he intermediate inpllt 9, available E'videllee sug­
gcst.s a range of 0.5-0.7.8 So wc sct. (/) ('qua1 t·o 0.6 Th<' pararncter X is chosen sllch that. 
"B""t'd on t.he 1!)'Jij Anrllli\.l Input-Out.put Table of the Bmeau of Ecollomie ATlal'y~is fOl" t.h€' (J.S. 
nlanllfactming St'c·tor. lIuang. Lill. and Ph;\nclif (2004) est.imate t.hat ';) lic~s hd.wCf'n O.Gr> and 0.7,1. Nevo 
(200!) found that trlf' shitl"C of mHt,'rials ill t.hf' (J.S. food s"d.Ol' (SlC20) ovel" t.ht' period 191\1\-'1992 is 
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the Frish elasticity of lahor supply is 1.1. which complies with t,he estimates of \lulligan 
(1998). The pararnetcr 'I is set. such that thc steady-st,Ht.e fraction of tirne cllllowrnent 
dcvot.cd to market wOl'k cquals 0.30. The <'1ast,icit.y of tl1<' l'cal n~ntill rat·c' of capiLl! 
. 1 'l' . ,""(1) Il 1 1 1 1 f Al .with respect to Cilplta utl I/"Ülon rate (J" = 17fIï is Cil i )fn.t·ec a ong t. w ines 0 tlg. 
Christ,ia no. Eiclwnba 1\Ill and Li ndè (2005). pl'cciscly (J" = 2. The cmvat.\ ll'(' parametrr 
S"(n) cont.rolling for invcstnlCnt adjustrncnt, costs is set, cqual to 3, abo consist.cnt with 
the estirnates of Altig et al. (2005). The values of (J" and S'" (a) do not nwtt.er for tlw 
ca1culation of t,he steady sUIte of the economy. but they do for the model's dynamics. 
Thc habit pararneter IJ is set equal t.o 0.8, which agrœs with the estirnat.cs of Fuhrcr 
(2000). Dasu and Fernald (2000) suggest that. ('ontro]ling for variable inputs ut.iJi;;(ltion, 
the estimilte of the value-added markup is U15: whilr t.ll(' latter rises to 1.12 witl1011t 
any correction for variahle utilization. SillŒ we allow for varièîhle capitalutilization. it. 
is rcasolmblc' to Sl't. fi = 11 so that IJ = 1.1. \Ve set ç = O.7;J. iluplying tl1rlt tllC' av(~ragc' 
frcqucll('Y bctwl'en priel' ildjustrnent is one vear. consisteut. witll Taylor's (1999) survey. 
The ill(lexation paramet.er ,.,. is set eCjllal to 0.75, which lit~s between the point. estimate 
of 0.66 l'cportcd in Sillets and \tVooters (2003) and the valuc of 1 irnposccl by Christiano 
et al. (2005). 
\Vith respc'ct t·o the intt'l'est-rate rule, Wf' set (J" t.o 1.~). fly t,o 0.23. and (1,. to 0.75. 
FilliJ.l1v. W(' fix the st.cllldarc! devintiolls of the sho,ks !Til' r1nd (J, to 0.01 and 0.003 
respe('t, i V(' Iv. 
To ex,llllilH' tl](' propert.ies of thc model. wc t.ake a ]og-liIlcar rlpproxilllatioll of the 
model's equilibri\ll1l conditions aroulld the steady :ôtate. The result.ing system of linear 
ditfe]'('lIcc cquatiolls is solvcd lISillg the lIwt.!toc!s olltliIlCC! by Klein (2000). 
1.5 Results 
1.5.1 Impulse Responses 
Fig\ll'e 1.2 COlllp,ues t.hr rnodel-hased impulse responses t.o a t,r,llllolog.y sl10ck wit.h 
thcir c'I11piriul] COllrlt.crpart.s. :'1'ot.icc fir::;t tlmt. hours \vorked. (',lpital Ilhliziltioll rat.<' and 
interlllcc!inte illPllt. nll fall ()lI the impact, of the shoc-1\. TI\(' rcsponses uf illHatioll aIle! 
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t.he nOlllinal int.erest. rate are 31so negative. In t.he model as in dat.a, thp init,ial response 
of Olllp1lL is c10sc to zero. The short l'un Ilegative cffrct of n tcchnology irnlJ!'Ovmncllt 
on inp1lt.s is consistent. wit,h the findings of 13asu t't al. (2006). 
The traclitional explanation of Gnli (199<)) applies here to ll!ldcrst.and tIlt' cont.rac­
tionary dfl·~ds of the t,echno]ogy shock. The rise in produd.ivitv crec1tl'<! 1>.v the shock 
is not clccorllpanied by a silllilar if not a largl'r rise in aggrl'gat.c denwnd. The l'ai nt, 
rl'act.ion of dernand is expcct.ed to oeClll' in a context of priee rigidit,y and a wl'('kly ae­
cOlnlllodat.ivc Inolwtarv poliey. Dotsey (1999) arglled that, an ()/}./put.-t]T'()1/I/,h mIe is less 
aecollllllod,\t.ivl' of t,Il(' technology shock than il standard Ta.y]or mIe t.lwt. involves the 
ontp1lt, gap. which helps o1>tnin (\ f,111 in homs worked and inAnt,jon. Hl'lll'C. O1lr resllits 
snggrst that Dotsey's findings still hold within a ri cher theoretical fl'anwwork inclllCl­
ing monel,ary policy inertia and an input.-onp1lt. str1lct,ure under plausible parameter 
values. 
Figme 1.:1 shows the rcsponsc of the econorny to an expansionary lllolll'Lary policy 
shock. \Ve see that out.P1lt,. consnmpt.ion. invest,ment.. and homs workwl ri se i1l a hump­
shapcd manner. which is cousistent. with the VAR literat,llre (sl'e l'.g .. Christi;lUO ct al.. 
2003). This is because the mo<!el inc!1l<!es several internai propagi\t,illg lllcchallislllS. In 
the Iwxt section wr disc1lsS the l'Ole plilved bv some of tlws(' Il\eehanisms in generating 
('lldogenolls pc'rsistellcc. 
Oll the w hole, the lllode! succecd::; ill (lccounting for t.he dynalllic respOllSC of tll<' 
::;l~lect.c<! variables to botb techllology cwd monetary poliey distmbanccs. 
1.6 Sensitivity Analysis 
1.6.1 The RaIe of Capital Accumulation 
III this scct.ion wc examine the contribution of capital accllllllllation to thl' predictiolls 
of t.he model concerning the response of t,he economy, especially holll'S worked. to a 
kehnology shock. To do so. we consider a version of t,he benchmark lllodel in which 
wc abst.nlct. from capital. Figure 1.4 displays t,Ile result~. Notice tbat withollt capitaL 
!lOlll'S wOl'ked still <!ecline on the impact of the shock but iJdju::it to their prc-,;]}()ck level 
in cl lllollot,Clllic wav. Once we allow for capital, ho urs fall initially and overshoot their 
24 
stt'è-Hiy-stal.E~ levcl in the medium rnn. So with capit.al accumulation .. the lllodei is able 
to mat.ch bett,er the clllpiricai rcsponse of hours worked and ;\bo out.put 9 
The rC,-lSOll for t.Iwse findings is t.hat. in the no-capit.ul case, cOllsllrnpt.Îoll adjust,s 
I\lore quiddy ln ils new steady-stale leve!. which st.rf'ngthens the wea!lh efl'ect nnd 
consequent,ly results in a larger decline in hours worked on imp:-tct of t,he shock :-tnd 
preV<:'llts them [rom increasing in the mediulll l'un, In otlwr woreh. thc prcscnce of Ci.lpit.'.ll 
hy making t.he adjnst.ment. of the ('conOTTlY, cspecially consnrnpt.ion. nlOlT gn.ldual 
a]low:; t.hE' substitution dfcct to Lw more important t.han the wealt.h dfef't Clnd t.IlPrehy 
HIC response of' ho1ll'S Cèlll tw positive kw pcriods after t.he sho('k. 11l 
1.6.2	 Priee Rigidity, Intermediate Inputs and the Real Effects of Monetary 
Policy Shocks 
'YVp C<ln aHribut.e t.he suceess of t,lw morlel in genercüing jJrrsist('nC'P t.o two element.s: 
price st.ickiness nnd tilt' presence of int·enrH:'diat.e inpllk; in t.he product.ion funct.iou. 11 
Thc first colull1n of figme 1.5 shows the responsc of out.put and the pricl' levcl t.o a 
negativp int.erest l'Rtl:' siJock [or dilTerent v<1.lue5 of ri;. 'YVe fix ail t.llf:' remRining pnranwt,ers 
at their henchma.rk valuefi. Notice that, when Ç? is very small, t,he responS0 of out.put 
reaclwi-i its maximum in the first period of t.he shock. As 1> l'isei-i, the rcsponse o[ output 
bccomes Illlrnp-shapcd, and t.lle adjustrnent, of t.he priee level displaYi-i more sluggishncss. 
Tlwrefon~, for an empirically plallfii ble range fOI' 9, say n.5-0.7, the moriel succeecls in 
generating persistent. responses of outpnt, and priees folJowing a monet:-try policy shock, 
in a WrlV thnt is consistent with t.11(' clat.,). 
Tlw second collimn of fig me 1.5 displa,Ys t.he respol1sp ortlle Siuue variables l'or 
cl ifferent. sdti ngs of the probabil ity (. \\'hen firms cha.nge t.lleir priees very frequent.ly 
(ç = O..»), t,lH' rcspons(' of Ollt·pU t is monotonie For ltigher degrel's of priee rigidi ty. 
9\Vith l'(lpital acculTlulat.ioll. the' init.ial respollse' of out.put is sJ1lnJkr than that ohtailwrl wit.hollt. 
ei'lpita.l. ThM'~ wh\' il i~ c1o,;er t.o t.he ()m~ ohlH.ineci l'rom t.he VAR. ,,,hieh i,; clo~(-~ t.o zcm. 
lU Usinp; n sr)('cifiC:;ltioll illelurliug hoth priœ and wag(' rigirlit.il's hut IlO cnpitn.l accllmuIHt.iun. Cali 
ilnd Ilabanal (200,1) al~o obt.ainpd a nE'galiV(' initial responsl' of hours workwl aft.er a tec:hnology shoek 
[ollf)\\.'f'r1 b.\' a mOllotonic ncljllst.nwnt 
Il Sinel' t.llt? hUll1p-shaped pattern of t.hE' resJlonse of output, it.s ClHnponent.':> and emplo.ymellt. t.u 
lllonNary polic)' ,hocks is incollt('sUlhic in tlH' iit.E'ratllr<'. 11'(' nc"d not t.o prol'ici,' 1)(>1'(' allY hlrt.hcr 
eviclence 011 t hl"se ,;t,yiized fnet~, 
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out,pnt exhihits ;( hump-shaped pattern <wei the price index adjust,s more gradually t,o 
its new steaeiy-state 1cvel. Bencc, t herc cxists a posi ti ve int('raction betw('(~n these two 
rnec1wnisms in produeing endogenous persistence. 12 
1.6.3 Output-Growth vs Output-Level Rule 
I\s showcd by Dotsey (1999). th, response of the ccon0ll1Y to a teclmology shoek is 
sensi ti VI:' to th(~ speci fiCA tion of the rnonet,ary poliey rnle. 1'0 ass!:'ss this view, we corn pare 
the results obt.clincd using our b(mchmark poliey mIe with thos(~ obtainecl \ISing the more 
st,andarc1 int('rest rate rule: 
(1.17) 
Ot,herwise, we kecp the ])f'nchmn.rk calibration unchanged. 
Figure 1.6 displays the n'sults. The main fîn(ling here is that llnder t.he Inon' ac­
cOlllmo<1at.ive rule (1.17) the impact response of hours is still negativc hut its magnitucle 
is smaller conlpared t,o tha1, of tlw benclnnark case. These result.s are in contrast with 
t,hose of Dotscv (11)!)9). In order to reconcile our findings with his, notc' that his model 
incilHlcs capital adjust.ment, eosts but, no hahit FOl'luation in eonsllillpt.ion. Sinep wc 
allo\\' for hoth of these frictions. it, is possihle t.o oht.ain a fal1 in 110ilfS \vorkcd al'ter a 
t,echnolog,v shock following the lines of Francis ancl Rame.)! (2003a) ('ven \Vith an aCC0111­
modative policy rnle. 
Figllfe 1.7 connrnls t,his intuition. It, displays the samc results as those in Figure 1.6 
\mder a version of the benchmark model that abstracts from consllmption habit. i.e., 
b = O. As expected. t,he response of hours worked becomes posi ti ve under the stalldar(l 
rule but remaills Ilegativc 11nc!Cl' the bCllchrnark l'u!C. \Ve eOllclude that we nced more 
t.hall one frict.ioll that ]'(~dllecs the magnitll(k of the increase in the aggregaJc clcmand 
in respollse to the tl'chno!ogy shock t.o obt.ain an initi;J! fall in l1011rs wOl'kc<l 
1.6.4 The Impact of Technology on Hours Worked Over Time 
Galî et, al. (200:3) prest'nted evidellee concerlling the significilllt change ill the initial 
rcsponsc of cmploYlll('IIt. to a t,echllo!ogical improvClll<'nt from largely llegativ(' in the 
I~Bpl'gin ail f'h)nstra (2()()()) roulld a positive illt(~raction !Jetw('en int,errnediate inpllb (t.nd a t.nmslog 
demanrl ,t,l'Uctll],(' ill pmfJagat,ing n1Olwtal'V poliev "ilocks. 
26 
pre-1979 p~Tiod t.o mildly negative in the post.-1979 period. This resllit is cotToborateci 
by J3a:::u et nI. (200G) who found that. t.he initia! response of hours worked t.o a teehnology 
shock goc::; fl'om -0.62 % (sigllificant) in dl(' 1949-H179 pcriocl to -029 'Xl (rnarginally 
significant) in t.l1<' 198()-1996 period. 
In tbis s('ct.ion wc invest.igat(-' the validity of Calf ct a!.·s siiggestion t.h;-l\.. this ('olllel 
be linked t·o the cilrlng(' in trl<' D.S. mondary policy regillH' ovcr tillJ('.il 1'0 do so, wc 
lIecd <ln ('nlpirically pl;-wsihle cnlilll'rltion fOl' t.1H' mOl'lC't.ary policy lïl!cs tlmt rnigllt. have 
been pmsllE:'d hy tilt' fe(leral Rcse['vr over thr post.Wilr ('l'il. Seve'l'al ('nlpil'iCrll st.IIClirs, 
includillg Clarida. Calf and Gnt!cr (2000), found t.lmt. t.II(' l'C'spOllse of t.he Fcdcml 
R('serve's nOlllillaJ inkrcst mt.l' to challges in jnf!at.ion has drarnntinllly changed From 
t.he pre-1980 perioo t.o t.he post.-1980 period. J3ased on Clmida E:'t. al., we Hssnme t.hat 
t.he fed has cononct.ed the tllonet.ary policy llsing tlw l'nie (1.17) \Vith the following 
calihration: (in = 1 fol' t.lw pre-l980 pcriod. and (in = 2 for t.he post-1980 period. 
\Ve k(~cp t.ll(, corlfcicnt.s hl and PT fix('c1 nt thcir hendnnark Vaill('S sincc there is lit.t.i<' 
evirienc(' for tl1eir instability over tinle. 
vVe c(>l1IPUt.l' tl'](' rcspons(~ of t.lle (~COllorny to a tedlllOlolS,Y shock Ilsinp, (1 17) I.lllclcr 
the two ('(llibrnt.ions for (J'TC' The l'csnlt.s arc displayccl ill hg11l'c 1.8. lt ca11 1)(' Se('l1 t.hat 
t.he clrastic. change in the value ot· (iTt from 1 10 2 nol only has il SIWIIi l'lleet on tlle 
response of 11 0 ms worke(1 tmt· t.lwt. it. also leacls to a more n(~gat.ivc response of hours, 
which is ill <:untrast. wit.h tlw evidencc. Thercfo]'(" our Sillll.t1llt.ioll rcsults cast. doubt. 011 
Galf ct a1.·s sllgg('stion. Thcsc nnclings sœll1 to be l'Obus\" to plitllsihlc changes in P'TC' 
pven if \H' l'eplac(' UH' Olltpllt. gap by tilt' Ol.ltpllt. growth, i.c .. Ilsing our 1)(~nc.hl1li\rk l'Ille 
(1.16). 
/\. closer look III the l'casons bchincl tll(' hypot.lld.ic:al c11illlg(' in the ]'(~lntion lH'tw(;('n 
t.echnology <wd b01l1's over time is beyond t.he scope ot' t.his chi1ptel'. However, we 
l'an pl'ovide some possihle explanat.ion for this nnding. Several studies faune! that the 
economy has bccn hllH'etcd by smaller shock:; during t.l1<' 1980-2000 pcriod compared to 
t.he previo\1s ('nt. For (~Xalnple, Irdand (2004), illlcl Srnet.s and ,",\Tollt.ers (2007) found 
t.hat the volatilit.y of t.he technology shock has e!ecreasec1 l'rom the eal'lier to t.he later 
lia b \Videly admit.tcd tll,lt the h'rieral f{esE'rI'C' polie,\' regimt' hns clC'arlv CliclllppJ cillee Octühel' ID7CJ. 
SPtJ e.g .. CIHriri,l t't al (2000). Estrelld dnd fllhn,l' (200:1). Irelillld (200:l). and Tm'Ior (l'lD8). 
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period. ft is not difficult to understand that [), lower va.lue of t.1lt' standard deviatioll of 
the tec!lIlology shock should be accol1lpanied by a smaller init,ial negntivl' response of 
hours workcd. HCnCI\ a ehangl' in the propert,ies of the kchno!ogy shock CClII Iw Oll<' 
fact.or hehind the possihle shift in the link between technology and emploYl11ent. over 
tinlP. 
1.7 Conclusion 
In this chapt.er, we eonst.ructed a st.icky priee model tltat. featmes ftn input,-output 
product.ion stmct,un' and (1 llllIllher of rea! frictions. Oncl' c(\!ibrflt(~d with l~ll1piricfl!ly 
plausible va!ul's, the mode! perforrns quite wei! iu account,ing for the dyrmrnics of se!ect.l'd 
macro variables inducedhy permanent. t,ec1Ulo!ogy shocks as wc!l as nlOllt't,ary poliey 
shocks, 
Pilrticulml,v. Olll' Inol!('j sucu:l'ds in lllalcl1ing t.lll' rcsponSl' of hOl\fs wmk(,d t.o fi 
tl'l'!lrlology shock, whicll is charact.crisl'd by a <b:lirl<' in thl' short,-rlln follo\Vcd Ily a risl' 
ill the nwdiurn-l'I1n. TIll:' init,ial declille in hOllrs is mainly drivl'll hy t,Ill' prCSl'IlCl' of hoth 
habit, persistencl' in consull1ption and invest,lllcnt adjust.ll1ent cost.s alld it. is robust, t.o 
the use of ail accornrnoda.t.ive l11ü1wtary policy rule. As to the increase in t,he subsequent 
periods, il. is mainly at.tribut.ahle to the presence of capital aecull1\dation, 
One important. irnplicat.ion of the model is the positive int.eraction het\veen prIee 
rigidit,y alld intcrmediate inputs in producing cndogcllous pcrsist.cnce. Consl'qUl'lltIy. 
WI' an' abll' t,o obt,aill t.he stylized hlllllp-sharwd J'(~spOnSl) of out.put to a 1l10l1cl,ary poliey 
shoek. 
Final!y. our simulations sllggcst t.hat the C!fI"CtS of a technology sho,k on crnploYll1l'nt 
ovnr timc could not be l'xp!ailH'r] hv a change in dl(' rnondary regillll' hut rather by a 
change in the size of the technology shock. 
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Figure 1.1: Var-Based Impulse Responses to a Technology Shock: 
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Figure 1.2: Model-Based vs Empirical Impulse Responses to a Technology 
Shock 
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Figure 1.3: Impulse Responses to an Expansionary Monetary Policy Shock 
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Figure 1.4: Role of Capital Accumulation 
Consumplion 
~ .-... __. ­
/ 
-----_.
/' 
05 / 
'/
/"'/---­
0 
0 4 8 12 16 20 
Hours 
0.2 
.-- ­
0 ­ J ~-- ~._-.... -- ~ -..... ~ .. .. - "p. ­
-02 
./'

/ ­
-04 
-06 
0 4 8 12 16 20 
Real wage 
15 
.~----­
0.5 , 
0 
0 4 8 12 16 20 
Not.e: Denchmark mode!: 8ojirlline. j'vlorle! withont capital: line with circies. 
32 
Figure 1.5: Interaction Between Price Rigidity and Intermediate Inputs 
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Figure 1.6: Output-Growth vs Output-Level Rule 
Output Hours 
0.8 
0.6 
0.4 
0.2 
o'------~-~-~-~--
o 4 8 12 16 20 4 8 12 16 20 
Inflation Real interesl rate 
01 005
 
008 r
 
._2-'-::..:::: ~..,-.-~ ..".., ' 
0 / ­0.06 "'-. ~ 
'"l:.......
 
,,:,':.~,-004 - .....
 
-005
 
/0.02 II--. 
.~ 
/' 
/ 
0 / -0.1 \;i
 
-002
 
'../

-004 -015 
0 4 8 12 16 20 0 4 8 12 16 20 
:.101 t': jjellchrnark IIlOrif:l: "ulifl lill<'. Î\[odel \Vith lhe ol1lplll-le\-"('1 rJil(~: lillf: \Vit.11 circlcs. 
34 
Figure 1.7: Output-Growth vs Output-Level Rule: with li = () 
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Figure 1.8: Effeets of a Change in the Monetary Poliey Regime 
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Chapter 2
 
An Estimated Model of D.S. Postwar Business Cycle
 
Dynamics
 
2.1 Introduction 
POStWHT U.S. bllSilH'SS cycles arc characterize<i hy t.lH~ followiIlg salic'nt kHt.lIl'es (sec 
thl> C\'iO('IHe' wit.h log-diff'ereIlced d,ttn prpsented ill Table 2.2): i) n-~al consul1lption is 
only hall' as volatile as out.put. ii) real inVl'stIlwnt is t.\Vice a::; volatile' as out.put. iii) 
11OlIl'S worked alld lahor productivity are 30 percent le::;s volatile than Ollt.pUt. iv) the 
vobtilit.y of 1'0';-11 wages is about. hnlf the volatility of Olltput, v) inHation is 40 r(~rcent. 
less volnt.ile thall output.. vi) consuillption. illvestmellt. ilolll's ancl proclllctivit..y are ail 
quit.(, pl'Ocyclind, vii) lahm PI'Oc111ctivity is ,1lIllost. ulwo!Telat.ecl wit.11 Iwlll's worke<.1. 
viii) infbtion is rnildly count.ercydical.. ix) output.. cOIlsllrnption. invest.lncnt.. ,llH! hours 
wor!<ed ail are posit.ivel.v. seriallv correlat.ed at relativelv sllOr't horizons and x) l'eal W(tg~' 
growth exhi hi t.::; airno::;t no pcrsist.eIlce. 
lu tllis chapter we clevelop ,Hld estimate DSGE rnodels t.lwt. shed Ilew light 011 the 
comprehensive set of husiness-cycle statist.ics descrihe<.1 above. 
Olll' fra11H'Work featmes monopolistic competition in hoth the goods IlHuket. and 
the labor rnarket. (e.g .. I3lanc!I;-m1 and Kiyot.aki, 1987). lt. embeds tlw followiIlg lœy 
ingrcdicnts. First. tlw econ011IY is sub,icct. t.o two t.ypes of shoc:!<s: a pernmnent. tcc!lnol­
ogy s!lock and a. shock t.o t.he Taylor rule or monetary policy shock. Sf'concl, nominal 
WHll;cs acro~s Iiollseholds t.hat a.rc irnpcrkct.ly competit.ive in tlwil' laho\' skills ;-ll'(' set by 
st.aggl'r<'d ('ont.l'acts. Third, invest.uwnt. is (:ost.ly t.o adjust.. Fourt h. t.h(, nlOclel fcaturcs 
t.emporal nons('pi1rabilit.ics in prefereIlces. i.e .. habit. formation both for consull1ption 
and leisur(>. Fi ft.h. the product.ion t.echnology incl\ldf~s a labor externality in a way 
suggl'stcd hy l3axtC'r and Kiug (1991). 
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The stl'llct.urai parcllllpkrs of our modpls iHe pst.ill1<1ted llsing êl maxinlllm likelihood 
proccc1mp (c.g .. lrelând, 2001, 2003). Our sampie of data rune; frof!l 1059:1 t.o 200G:II. 
Our main findings ('i\ll f){' SUllllllal'izcd ai; follow::;. \Vagp contracte; last. lwt.w<,pn :3 and 
4 qua.rters on average. COl1sumpt.ion habit. in t.he basdine nlodel is mild comparee! t.o 
other estimat,es in t.he lit.pratme. Taking int.o aCCOl1l1t t.hr two habit,s, the eviclence 
shows t,hat, habit, formation in leisl1rc choicc is mild, and t,l)(' dcgrcc of t.he consurnptioll 
Ilabit is rnostlv 11l1nffpct,cd bv tlw )l[('.sC'ncc of lcisurc hflbit.. '1'1)(' c~slirnatcs of invcstuH'nt 
adjllstment ('osts compare well with those of ot.hers (e.g., Christiano et al., 20(5). The 
c'xtcrnality paramctcr is muetl smallcr (l.c'l'ordiug lo OUI' lms<:\inc IllOdcl tlmll t.hat. foulld 
in other st.udics (c.g., W<'n, 1998). lt inlplil's a dcgrcc of incl'l'asing lTt·llrrlS t.o scale 
which is relatively sOlal! ancl sinlilar to tht~ value prf'ferrcd b.v Daxter and King (l1)!)1). 
lt is also in the rangp of the pararnet.er véllues obt.a.ined hy Coopc~r and Johri (11)!)7) \vit.h 
pIHnt-lc'vel data. 
Ncxt,., t,Il(' baselilH' modcl broadly reproduccs tlll~ size of rclat,ivp Huct,uat.ions for 
several aggregat.e variables. The moriel not, oIlI.v predicts t,hat invest.lllc'l1t is much more 
volilt·ile than Ol1tput.. while consllrnpt.ion and homs an' e;o!llcwhat less volat.ile t.han 
ontp11t.. hut it. ,llso pn'<!ict,s that t.he volatilitv of f(~aJ wages, prod\l(tivity and inHHt.ion 
rplativp t.o the \·olat.ilit.y of Ollt,P11t are in bl'Oad agree!llpnt, with t.hp dat,il, 
The monel i,"> able 1.0 reprod lice somp cri t.ical COIllovc·'m,mt,s. It. conw:t Iy predict,s 
that the correlation betwccn t.he growth rat,cs of homs and product,ivity is weak and 
positive. 
The nlOdrl aiso generat.es plausihle business-cycle dynalllics, revertlin?; the st.rengt,h 
of its ('IHlogcnous propagMion mechanisIlls. Our cvidcncc suggest.s that the growth rat.es 
of Ol1t.pUt. consurnpt.ion, inwstrnellt, ,)nd hours ail exhibit a posit,ivp seriai corrl'lation 
that hrondh' rcscmhlps the persist,ence ohserV(-~d in t,he data. At. the s8.lne time. t.hp 
model corrtlctly ]Jredicts t.hat. there is lit.tle persistpnce in l'eal wage growth. 
Om sensi t,ivi ty analvsis shows fi l'st, tha t. wnge eontract.s il! low !llondar)! poliey shocks 
to aff<'ct the real sidl-' of t.lw C'conomy ilild help gC'lwrntl' tlH' t,'\'pil'n,] hUTrlp-slliî[wd irnp11lsc 
responses in ijPvet(\! real variables. They also magnifv the effect.s of tedll101og.v shocks 
on outp11!. (:onsurnpt,ion. invl'st.rncnt, and holll's. vVit.llOUt the wagc' ('olltract.s, out,put 
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voLüilit,y wou Id Iw too low and the model wou]d not. generat.e plausible business-cycle 
dynarnies. 
S('cond, habit formation for consulI1pt.ion considera!>ly darnp('ns the initial rcsponsc 
of outPllt.. consumption and hours follov,;ing t.echnology and policy shocks, making sev­
erA! v,,"rjAbles respond in a hUln[)-shaped fashion. lnvest.ment adjustment. costs he!p 
,woid excessiw!y hlrge HIlctuation::i in invl'strnent,. OlltPUt, ;)ud hours. The ('nlp!oytnent, 
('xt('rnF\lit~! IWlgnifies t·]1(' rrf('ct·s of policy and t,('chno]ogv "hocks ail consllll1pt,i()n. ill­
ve'stlll<'nt,. holll's and (lIlt.pllt. \Nithollt. th(·' rxtclïla!it,Y. Ollt.put Hllct,urltilJns arc' ton smal!. 
Fllrt,lll'rlllOl'('. t,Il(' ('xt('rnality h,ls ,\ sigllilieant. ilupact 011 Ihe !'('::iPOUS(' of rC<l1 wag('s fo!­
lowing il poliey SllOCk: a positive' poliey shoc:l< indllccs Cl s!ight dccrci\.sl' in l'cal wagl's 
init,ially. which is then followed hy a rise in real wages during several periods as the 
evidence suggt'sts. Wlthollt t,he externality, t,he response of r~~,ll Wrl.ges is quit.e (:ount.t'r­
cyclical following a polie)' shoc\<. Also, the correlation between hours and product.ivity 
is signifkantlv ncgat.ive. 
'l'IH' remainder of t.he chapt.er is as follows. Section 2.2 provides a description of 
th(~ TIlode!. S('ction 2.:3 disellsscs tlw cst.illléltioll j)n)('('dllr(,. S(~('t.ion 2.4 prcscllts an(! 
ilna!.yscs onT main finclings. S('ction 2.3 provicks ('oncl\l(ling n'lllrlrks. 
2.2 The Model 
\Vc assu me an CCO!lOIllY popu! arec! by Cl !argc !lU rn ber of Ill('rnbers o[ () rcpn's()n tat. iVl' 
househo!d, er1ch cnc!owcc! with a c1iffcrentiatcd !abor ski!! inciexl'c1 b~' i E [0.1]; and a 
largr Ilnmber of Finns, melt prodllcing a c1iffer('ntiateci good indt)x(xl bv.J E 10,1]. There 
is also il 1ll0lwtarv illlt.hority t,hat. sds t.he llomilHt! int('l'('st rat,e ilccorc1illg to i1 Taylor 
l'nie. 
2.2.1 The Household 
Denote hy H, <1. composile skill which is relal.ed 1.0 the c1irferenti<1.led labor skills 
{Hi.,} [O.I! by 
'[ ]0",/((1".-1)
 
= H(IJ",-I)/IJ"'d;
H 1. [) /.[ /. (2.1 ) 
1) 
whcl'e 8" E (L x) is the t'lasticity of snbstit.utiOI1 between ski[ls. The composite skill is 
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produced in an aggregation sect.or t.hat is perfectly eompetitive. The demand funct.ion 
for labor skill i Icsulting from t.he optirnizing behavior in the aggregatioTl sect.or is givcn 
by 
Wi.I)-II". 
H i 1 (2.2). = ( Il'I HI, 
wlwre the \\'ilgC rat.(' IVI of t.he cornposit.e ski!! is rclated t.o t.he wage lat·('s {Tr,.1Li:lo.11 
of the differelltiatt~d skills by 
.1 ] 1/( 1-11".) 
\-rI = l W/,-e", di (2.3)[ 
The houschold has il llti!ity functioll. 
t;i=.J1 [11l(CI-bC,_I)- (il l~ (HII-IIHi.,_I)I;.,ldi)] (2.4) 
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wher<' E is the expect.rl.t.ions o[)erato!'. .3 E ((J, 1) is il sllhiect.ivr' r1iscollnt. fnct,ol'. C, 
denotf's l'l'rd cOllsllmpt.ion, Tr,.1 reprr~sent.s hours wOl'kcc1, /) > () nwaslll'cs tlw l'c](ltiV<' 
irllportarlC(' of Iwbit forrnat.ioll for cOllsumption, and h > 0 mea..SIlICS the r<'!at.ive inl­
portance of hahit. formation in leisllre l'hoice. 
A recent strand of the literat.ure has st.ressed habit. formation for l'Ollsnmpt.ion. J 
Henet), wc cali basciin.e model Olle that feat.ures only t.he l'onsllmpt.ion habi t.. In the 
bas<'!ine mode!. TI (jçmotes t.he inverse of t.he intert.emporal dast.icit.y of labor hours. 
We a!so (·~st.inlat.e the version of the ll10del with both typf'S of habit'.. and refr~r to il, 
as tht~ riouh!f'-ha.hit (DR) model. 
The IH>llseiJold faces the following budget. (;onstraillt.: 
(2.:)) 
The honsehold ellters period t with bond holdings IJ,_ 1 and lents KI Ilnits of cnpitR! ,lt 
tlw rcal n'lIbll rM.(' 1?~ to t.lw interrnediiltc-good firl11S. Each nl<'lnllC'1 of the hO\lsehold 
supplies Hi ./ aL the nominal wa.gl' rat·e n'", At the end of pl'riod t, the household 
['(:n'iv(~s nomimd dividf'llds DI from the nnn:-i. The hOllsehold pUIC'hases [J, unit.s of 
ISC'(), for <'xamp\e, /1C").udry and Guay (1':)')6) . .Jermann (1008). Fuhn)r (2000), /1oldrin, Christiano 
anrl Fisher (2001). Christin,llo "t al. (2005), Fî,mcio ,).nd Rmne)' (2005<1). Iloll<tkcz ct. al. ('20()G), nm! L,il! 
a.nd Pilanellf (2007). 
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honds. C, lmits of tllP aggrf'gat.f' of consuJllpt.ion good. ami II units of the aggregate 
illvestl1lent gO()c!. at. tll(' nominal priee PI from t.he nnishcd-good firm. RI dCflotes t.lw 
i!:ro!ôs norninnl intc']"('st. l'al-<' fwt.W('('11 pcriods t and t + 1. 'Ill(' Ilousc1lold is preV<'lltcd 
from l"Il1lllillg Ponzj schemes hy imposillg t.he horrowing eonstraint: 131. 2 - il. where 13 
is a large po:-;itive llumbel'. Tlw st.ock of physical capit.al, K" evolves according t.o: 
(2.6) 
wherc cl is the depreciation rat.e. The second terrn on Hl(' right.-ltand side of (2.6) 
sllmmari:œs the technology t.hat. t.ransforms currellt. and past. invcst.Illcllt illt.o instalk~d 
eavit.nl for lise in t.lw fullowing perim\. Tt also f'mhodies invrstlllcnt. adjustnwnt. cost.s. 
Th(' fUlldion S(.) is positivc' and ('OIlV('X. and sat.isfics S(a) = 8 1(0.) = O. Il bcing a 
pal,under t.o lw dcfirwd 1<-ltc'r. Invest.lllent <H!justment. (:ost.s allow Tobin's q t.o va.ry in 
response t.o teehnology and polie.\' shocks. 
The !lOuschold scc!Œ t.o rnaxirnize the ut.ilit.y function (2.4) sllhjcct t.o the budget 
cOfl:;tnlint (2.5), capital acculTlulation (2.6) and the dcrnand sc!lCdu!c for :;kill i (2.2)2 
The first ordpr conditions for consumption. marginal Tobin's Q, and inwstment. are 
respeetiwly givpn by: 
1) (1)AI = - ,JbEI . (2.7<1)(CI - bC, - 1 Ct +1 - bel 
Q, = (jEI ['\~~I (R~+I + (1 - 6)Q,+,) ] , (2.7h) 
1 - 'JE [~Q Si (!i±l) (!..u..L)"2]/- t /I, 1+ 1 /, /, 
QI = ----;---=;------c----,---------:----;--~-=- (2.7c)[1 - S ( /,/_' 1 ) - SI ( -A) (~)] 
wlwre AI. = nl/I' /1, denot.es the La.grange mult.iplier at.t.ac:hed to the budget COllstl"ôint. 
Equation (2.71)) stal.es that 1\, equals t.lw marginal Iltilit.y of eonsllillptioll in perion t. 
Thc ~lIkr equa tioll for capi t.a 1 (2. 7b) snys t.hat the shaduw priee of inst.alled cari ta!. 
ttleaslll'('d i>y lll,)l"gillal Tobin's Q. cCJuals t.!lC' sum of the cxpceted fllt.urc V,llllP of C2 
net. of deprpcialiun and of t.he expected fllt.ure rrtlll"ll Oll capital. Equat.ion (2.7e), 
:lI a"Sllm<~ cOTnplet.e nnml<'iai m~rkot.s. which implie, t.hat rnernbers nre icientiCr)] witll re:;peet. tn 
con~nmphon, iJonrl holrlings and cn.pital stock. Ht'tf~rog('neit.'y ;nnong mcmh(~r~ i~ uni.\' produœd by t.he 
st.aggered \VagI' contracts. This alll)lVs us 1.0 drop the sllllscript i for ('onsmnpti(Jn. homls "nel cnpitill. 
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which <1etermines the optimal level of investment. illlplies that investment increases 
with q. DeCiluse of conslIlllption habit, anrl investl1lcnt adjust.l1lcnt costs, t.he hOllsc:'hold's 
optirnalit.y conditions arc d~'rHtlllic, 
'yVe assllme that. the household's members set. nominal wages througll staggered 
eontract.s in the spirit. of Calvo (1983). In each perimJ, the probilbility of nominal 
wage reacljustrnent. is 1 - dIV . In a syrnrnetric cquilibriurn. ail rcoptirnizing houschol(fs 
rrl('mb(~rs choosc the Srlnw ]'('lat.iv() wage ill pcriod f.. H is given lJy: 
r,'/ "Le:-o(rj(l,,:r [(l-r,+T/l-Fr)°" JI! RSil TH'-I'-]1/:; - l' (2.8) 
- /1.' E, "LT~o(f1ri"t 1(I'VI+r /lV,)11,,-1 (TI"+T/ n+T )H,+TI' 
wl](']'(' I/'Î IV,' /1'1'" Il/{' = A,~'~ 1 d('tH)t,es tllC st,cady-st,atc wage mark! Ip. AI f? S'.l is 
the margina 1 ra te of suhst.i tu tiOll het,ween cO!lsumption and leisure of tl1P mE'mber ·i. 
The optimal wage is thus il constant markup over a weigthed average of t.he inrlividual 
j'vf RS in th(~ current and future periods durillg which the wage set today is expect,cd to 
rerné1in in dfcct. Th(-: aggregé1Jf' wagE' in (:qlliltion (2.~) l'an 1"W cxpn'ssrd by tlw following 
recursive equatioll: 
l,III-A" _ (1 _ -J ),-\,',1-0", + t 1.1/ 1 -(1".
'v 1 - fi" v t ( ''Ij' vv 1. _ , . (2,9) 
2.2.2 The Firms 
The represf'llt.ative finishf'd go()d-pl'Odllring firl1l acf.s COlllppf,it.ively in the fillished 
good market. pro<1UCillg 11 composi te finished gond YI which is related tn t.he diffen~nti­
nted int,('l'lnediate goods {Yj.1 }J([OIJ t.hrough t.he Dixit-St.iglitz CES nggregnt,or: 
[l,1 ] 0],/(01'-11 Y, < y(lJI'-1 1/0" d' (2.10)1 - J.I J .() 
where f)p E (1. 'X-) is tllE' eiasticit,,v qf sllbstitnt.ion l1Ptween diff(-~rentiilt.pd goods. The 
finishe( 1 goo(i-prod llcing finn purchascs YI.1 at tilC nominal priee Pj .I., The first. order 
rond ihon cOlTPspond ing t.o the finished good-prod ueing firrn 's opt.irnization problell1 is: 
p ) -III' 
( f;' YIYj,l = (2.11) 
'yVi Ut zero profit,s, the prire of the composite good PI. is relat.ed to the prices {Fjt } jElu. il 
of t.he diH'erentiat.ed gooris by : 
Pt = [l' p/.I- AI' (v] '/( 1-01') (2.12) 
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Each int.ermec!iat.e good-prorlucing nrln j proc1uces ~tn out,put, )~,1 using the fallowing 
technology: 
Kjl/(o4tHil)I-OHf -A,1> if J(y,(A/Hj,l)I-OHf 204,1> 
~/= (2,13) { o ot,lH'rw is(" 
\vherc I(j" is t,II<' stock ol' physical capital 0[' LIll' .)'i' nl'lli. II j " l!t'llotes Hw holl!'s worked 
crllploy(~(1 hv tinll j. Hl(' cOIrrposit.t' skill H, rt'jJrt'SCllt.S ,\Il elllploynH~rrt, ('xkrnalit.y. and 
<1) > 0 is a nx~'<1 cast cornrnOll t.o ail int.ermediat.<·-good producing firms.: l TIlt' expollent. 
f contrais the size of t.he E'xternal eFfed. The labor 3ugJ11E'llting tcchnological progress 
AI evolvcs accarding t.o the foIlowing nonst.at.iunary proccss: 
In(A , ) = 171.(11) + In(04 t - i ) + E",. (2.14) 
\-\'1]('1'(' On.' is il 7,('],()-IlI('HlI. s<'l'ialIv 11n('orrdat.cd, and nOl'lTiidIv <!ist,ri1Juk<1 l'aTidonl shock 
wit.h st'ilndmd deviiltioll an. C:apit.<tl and lahor inpllt.s an' bot.!t pl'Odllc(~d in WJ11pct.­
it,ive J11H1'kct,s. III l'ach period, the represE'nt,ative hrm's cost,-minimizat.ion iJ11plies t.he 
foIlO\ving first arder condit.iollS: 
_ ) (Yj./ + AtcI» IIlC = H'l(1 (2.15a)/1: H. ,/1. p.'
.l,t 1 
Y),I + AI1». le 
cv ]{ M Ct = ni ' (2.15b)( 
J.I 
wl]('rc 1\1 C. <!ello(.c::; thc ccollorny-\vic!t' l'cal marginal cost.. 
III a SYlllllldric cC'Juilihrilll1l. aIl finns ill pcriod t crroose the ::;<).nl(' optimal norninal 
priel' P,·. which i::; ('(pw! Jo th(, prodllC't of the markllp III' = /~ and the aggregat.e 1 
" 
llominal marginal cost 
2.2,3 The Monetary Policy 
Tlw lllon<'tmv authorit,Y ;;ct::; the short-nln nominal interest rate acclJrding to the 
follo\oving Taylor-type IïIlc: 
In(R I / H) = PT' In(HH/ H) + (1 - P,) [PT. ln (1Tt/1T) + pyln(gy,),qy)] + Om.t, (2.16) 
:lIntroc!lll:illg a fixpri ('ost H.llows firrns 1.0 P.àrl1 ZP.l'O profits in thp. st,eady state. Rotpmberg a.ml 
\Voodforcl (JD9!j) argllcr! that the average pme profits in the U.S. econom.v are clo,-;c 1.0 zero. 
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where q'jl == Y'/)'I_I is th(o growth rR,t,e of output.. 7ft=- PI/PI_1 is Hw inflation rate: R, 
7f. and !}1j MC t.he st.cady-st.at.c values of t.he norninal int.l'rcst. rat(\ t.he infiation rat.e and 
the growth rat.e of output, f('spediw1y. and ;::111.1 is a ï,ero-mean. serially llllcorrelateci. 
cm(l normall\' disj ribllt.(~(1 ran(1om SllOl'k wit.h standard deviation (J,", Tlw nlondary l'Ille 
(2. Hi) recop;nil,l's the Federal Reserve's pract.iœ of smoot.hing changes in inte]'('st rat.t's. 
TIH' parmnetl'rs fi7: and P1J dl'tl'rlllitH' the cxtent of mond.ar)' polic)' aCCOlnlllodation. 
2.2.4 Market-Clearing 
vVe define t.he alternative priee index and the alternative wage index as (see 01so 
Yun. 1(96): 
The aggregatc resource const.raint. of the el'onolllY can t.!)('refore 1)(' \vrit.t,(~n as: 
{J ) Ii~ (II' )(1--()+r)II".
--.!.- _1 [V"AI-nfj 1-0+<1- '1 <1> = (' + 1. (2.17)( PI ~T'( \ 1 1 1 / 1 1 ( 
where H( .f~1 Hi.rdi corresponds to t.otal labor as lllcasmcd in the dat.a (sec the ar­
pendix in Christiano et al., 200l) and 1\1 = .f~)1 J{j,Id.7 Sinœ technology is nonstationary, 
ail l'cal variables. except holll's worked .. must he scaled by thp lewl of tt~chnology to 0])­
t.ain sL:lt ionari ty. 
2.3 Model Estimation 
2.3.1 Econometrie Procedure 
VVe t.a.ke 0 log-!inear approxilllat.ion of the mode!'s equilibrillm conditions around 
the ddermi nist.ic st.cady st ate. The rcsulting system of !inear diff('n'nec ('quat.ions if; 
solved using thp method descrilwd in Klein (2000). The system U\Il lw writ.t.l'Il in its 
st;Ü(~-Cipace ré'[weselltat ion as: 
(2.1~) 
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\\Ilwre .TI is il vpct.or of \lnonservahle state variables, "1+1 is il vp\tor that incillcles the 
t.wo riisturhal}(,(,s EII.I . and Em.l, and Zr is a vector of observablc variables. The (']('ment.s 
of matriccs \li J. 'J1 2 . and \li;l depenc1 on t.he (!cep pnrmneters of t.he model. \Ve estimate 
t.he system \Ising il Inaxin11lm likelihooc1 procec1lll'e and time series on nve variables that. 
compose Z( pel' capita consulllption grmvth, pel' capita invest.ment growt.h, pel' capit.a 
!Jours, t!Je rat(' of change of nOlllinal wages and t.ll(' nominal inkrest. rat.e. 
I\.s the nUlllber of variables included in t.he cstirrmtion excccds t.he nUlnber of st.ruc­
tural dist.lll'hilnccs. additional shocks art' introchlced in t.ll<' fom] of l11e,lS1lrelllcnt enors 
t.o avoid the stoc1lilSt.ic singularity prohlcln disc\lsscd in Ingram. hochcrlakota and Savin 
(199eJ). Benn" (2.18) is replaceri by t.he following innovations reprcscnt.ation: 
(2.19) 
for t = s 
otherwise 
w!}('re ~I = [~( {, ~i.f' ~/>.l, E,,,,I. ~T.III is vect.or of zcro-[l\ean and nOl'lnally riistribut.cri IflC,]­
slll'(~ment ('!Tors. The lllat.rix His diagonal and it.s diagomli rlen)(~nts arc ricnutcd bv T,i' 
for i = 1. 2. 3,4,5: hence. l'Il is é\ssociatec1 \Vit.h the meaSlll'emt~nt t'l'l'or in the growth 
rate of consllfllpt.ion. etc. Since the vector ZI is composeri of fiv(' variables and t,IJilt 
our model comprises t.wo st,ruct.ura! shocks .. \ve add measurcrnent· enors in t.lw invest­
lnent growth rak. holll's workec1, and the nominal wages growt,h rat.e. The Caussial1 
log likclillOod f\ludioll L(Y), for t!le sample {'"I }T~l' is ('onstructed rccursivcly using 
the Kalman filter (c.g .. Hamilton. 1994, ch, 1,'3): Y is the vector of pararnctcrs that we 
seek to estilllate. and T is tIlt' nllmher of observations. The lik<-~lihood fnnction can he 
\vritten (ignoring the constant term) as: 
(2.20) 
tian operator. 
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2.3.2 Calibration 
It is not possible to est.illlat.~~ all the st.ructural parameters of our rnodels, so t.hat. 
sorne panunet.ers must he calibrat.ed prim t,o tl1e estimat.ion. The value assigned to 0, t.he 
quarterly rate of depreeiat.ion of physical capitaL is 0.025, illlplying itn annualized rate 
of 10%. The shan' of physicetl capital cv in t.he productioll funct.ion is 03G, Tl1e st.eady­
st.at.t' gross growt,h rat.e of t.eç;hnological progreCis CI and t.he st.(-'ady-st,atf' nominal int.crest. 
n:\t.e Rare choscn so as to match t.he dat.a in Oll\' sarnpll~. Thes!;' values il11ply fi = O.!)!)O<). 
Th(' parmnct,er X associat,ed wi t.h t.11e' disllt,i li t.y of work ensurcs tl1at, the st.eady-stat.e 
fract.iol1 of time clevotcd t,o lllill'kd. work iCi 0,30. TIlt' e!ast.icity of substitut.ioll het,wcen 
differcntiatecl goods el' is 10, CiO t.hat the priee lllarkup is 11 percent. The elasticit,y 
of sllbst.itnt,ion bct\\,('cn diff('rcntiatcd skills (J.", is 5, whiel1 iCi consistent wit,h the micro 
('vide'IH'l-' in Griffin (19<)()) (llld the mano <'vidl'nu' proc!ut'('d hy Ambler, Guay and 
Phaneuf (2007), 
2.3.3 Data 
Oll\' sample of data fIlns from 195<):1 to 2ÜÜG:II, The variahles llsed to estil\1at.<:, Hw 
struct,nral paralllet.ers of our Illodels are definec.l (lS follows. Consulllption is rneasured by 
pcr capit,(l real persona] CowiUtllption expl'l1clituj'(~s on nOllclurable goods and services. 
Invest.lIlent is the SUl11 of per eapitR personal cOllsumpt.ioll expl~ndit.ures on durable 
goods and per capita privatc fixce1 invcst,mcnt. Total hours arc rrw8sured by per capit.a 
hol\l's in the nonfann bl.lsilI('CiS Sf'ctOI'. The nominal wage is the hourly (,OllIpensation 
in Hw nOnfal'llI husiness sect.or, The nominal int.el'est rate is t.hE' t.hl'l~e-mont.1I Treaslll'Y 
bills rate, Tile pel' capit,;-l variables are ()btHim~d élt'ter divi(1ing t,Ill-' seri(-'s hv t,Ile eivilian 
lloninstitut.iollal populnt.ioll. age 16,111<1 over.'1 
4 /\11 c1ata 81'(' taken frum t!le Haver Datab8se, 
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2.4 Estimation Results 
2.4.1 Maximum Likelihood Estimates (Baseline Model) 
In the basclinc model, the set of struct,Ul'il! j)(l[,\flIetcrs t.hat wc s('ek to estirnate is 
whil(' in the DR model it, is, 
{dl /. b, h, 1/'0,8"(0),1':, PI"> P7f' P(j' a{J, a},,}. 
Table 2.1 report.s the point, est,itn,1t.es of the struct.ural para,meters of the Illodels \Vit,h 
their respective standard deviRtions. 
We first, consider t,he est.illlat.es of t.he hi'lseline model. TIlt' point. estim,\te of ri"" 
the probahilitv of wnge non-n(ljnstrn~~nt. is O. ï4G8, inlplying t,hnt (he wnge contl,Hts la.:-;(, 
3,9el period,-; on aVCl'nge, This estirn,\tc is cOllsistent. \vit.h t.lw ernpirical evi(icncc cOVl'red 
by Taylor (lDD0) in his survey on Hw dmation of nominal wage and priee cont.raets. 
Om point estil1lat.(' of t.]H' consumption-habit, paranwtc'r li is O.4ïï'!, which is mllch 
10\';<:1' than t\w habit coefficients report cd in FlIhrcr (2000) (0.8), Doldrin ct al. (2001) 
(0.7). Christi<lno pt al. (2005) (0.65). an(l l30uakez pt al. (2005) (CUlS): hO\VPver, it 
is signific<lntly higher than the est.im<'tte in Ireland (20()(i) ((US), The point estimatf' 
of thc int.erternpOl'al Frisch e1astici ty of lahor sllpply Ill;) is 1.1287, which is close t,o 
t.he elast.icity in IVluliigan (1998). Tht' curvatlll'<' pararnd.er ,-;"(11.) c1d.errnining t,he si?'e-' 
of invest'Illent adjnst.lllent. eosts is 1.6091, and lies in the range of est.imat.es fOlInci by 
Christiano ct al. (2005) (0.91 t.o 3.24), Tlw point cstirnatc of ( is 0,2687. wllich is much 
slllaller thitrl the cxkl'llality repol'ted in 'Wen (1998) (0.4GiLlIc\ 0,5), IlItcrcstingly, our 
c'stimatc is ven' clos(' to Daxter and King's (llJlJ1) preferrec1 vaille which is (),23. baserl on 
t.he evidence presentec1 iu Cahallero and Lyons (1989), Tt. is also in line wit,il t,he evic1ence 
pl'oducecl by Coopel' ancl Johri (1997) using plaut-kwl data, Our point t~stimate of PK 
t.]l(' responsc of' nlünctar,v polie,v to ekviat.ions of infiation frol1l it.s st.cacly-st.at.c value is 
1.2485: t.his est.imate is somewhat sl1Ialler thi')fl t.he value est.imat.ed by Tavlor (1903) 
which is 1.5. 5 Thc point. cstirnate of fig the poli('.y-n~sponse t,() cleviations of act.ual 
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out.put grolVth fro111 it.s st.eady-st.at.e value is 0.0725. The smoothness pal'alllet.er (JI' is 
0.703. consistl'nt, with t.ll(' l'vic1l'uc(' presentec1 in Claridél. Gali ilnd Gert.jer (2000). 
2.4.2 Fluctuations and Comovements 
Dol's t.he haselill(' mocle] ('xplnin the maiu chara('t('rist.ics of postwar busiuess cycles'I 
To iwswer this qm~st.i()u. wc look at SOllle volat,ility st.dtistics Hlld C(HnOVCUlelltS. They 
are preselltee! ill Tahle 2.2 [or mOlTlents of tll(' Jog-e!iA'l'[('nc('d (1<11.11.(; 
Pililel 1\ of Tahl(' 2.2 report.s Hw vohltilit.y statistics for ('OllSluuption. inVl'st.UH'llt. 
hours workpd. pro<Juctivitv. l'eal wages itnd priees relat.ive to t.he voliüilitv of outpllt. 
a:':>r / a ::o..I} mf'<lsuri ng the st andarrl deviat ion of the nrst-di flerell(:ed logaritlimnf varia ble 
.1' t.o the standard deviitt.ion of the first-diH'erenceu logarithrn of output. Output is 
llleasured by rea] output. in t.he uoufarlll business sect.or aud priees, hy the ilUplicit priee 
cld] atol' in t. he uoufiU'll1 busi uess seetor. 
Overnll. thl' lmseliuc Illodel (loes an adequat,c ,job in citpturing t.lw relntive UlOVelTlent,s 
in t.hl' aggrl'gat,(· variables. For example. the model generat.us Hl(' right. alTlount of 
Alletuations in h01ll's wor\wd relat.ive to Auctuations in out.put.. It. itlso correctly predicts 
t.hat real wages and proc!llctivit.y are signincaut.ly less volat.ile than out,put. )lot.e thitt, 
t,hl' mode! account.s w('11 for thC' l'iltio of t.1](' volat.ility of inAat,ion t,o t.he volat.ility of 
ou t pu t growt. b. 
Panel 13 of TaN(-' 2.2 reports the eomovemeuts. Th(~ has(-~l ine model hroadly repro­
duces the lWlin ('.Ol'l'l'Irlt.ious. ('veu though ll10st (,Oll'JovelTl('nt.s rH'tW('('11 the l'cal vèniables 
,Hl' souH'wh,tt higher nccording to tlw lllOd(~1. I\mong others. tll(' lll()(ki g(,lll'l',ltCS the 
right. correlat. ions bet.ween t.he growth rat.es of hours and ou tput.. the growt Il rates of 
product.ivit.y and output, and t.he growt.h rat.es of pl'oduct.ivity and hou l'S. This result. 
is interesting in itself cOllsidering that a large dass of business cycle lTlodeis l'las failed 
to explain t.h(osC t,hree COlnOV(~ments silllllltaneously (c.g., Hansen, 1985: Hallsen and 
Wright,. 19<)2). 
Among the' (·.OIlHJVelTl<'ut·s stIlCJi('d ill thl' bm;ilwss cycle li t.<'l'a t ure. tlw correlation 
h<'t'\v(,l'll hours and productivit.,v has arollscd (\ cOl1sic!cml)](' il1t,ej'(~st following the work 
iiI hi\VP also :4enpl'il.kd ),(-,slI!h \Vith t.rlf' HP-nlkiPlI dnra. The ('onclusioT\s an' Cjuitt' "ilnila.r to t.ho,';f' 
rC;lchccllVith Ih<' log-r1illercncl'd da.li\ sn tha.l wc' do ilOt. rl'porllhC' rC'sult> \Vith 111'-lillcrc(1 data., 
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of Chri~tiallo and Eichenha um (1002). These au thors argue that st,andard, technology­
c1rivell RBC rnodcls assureclJy predict a st,rong positive correlatioll between hO\lf~ worked 
and rctul'll t,o working sin('(~ the time series on produc:tivity and homs arc Illodelcd a~ 
the intersection of a st.ochastic labor-c1emFtnrl curve wit.h a fixecl lahc)r-Sllpply curve. 
They sUgg0st éldding meas1ll'able economic impulses t.hat shift· t.he labor-supply cl1I've 
in order to rec]u('(' Lhis corrPlation. vVorking with a Inodel fcat.llrillg non(:onvcxit.ics 
in labor supply of the type proposed by Han~en (1985) and Rogcrson (191)8), thcy 
aJ]o\\' govcrnmpnt (,ollsumption shocb t,o afff'ct lahor-markf't dynflll1ics. Till'Y obtain CI 
clllTl'!atioll of 0.575 \lTldcr t,Ile a~surnpt.ions that an increase in go\'crnn}(:nt, consunlption 
is filH\IlCed by Inlllp SUIII taxes and that goverlllllcnt con~ulnpt,ion aets as a pure resource 
cl ra in on t. he (-('Ollomv. 7 
Now, t.hp main suspicion regarding st.icky-wage models is that. they prpdiet. a negat.ive 
('()rre!at ion 1>dw('(:n 1'd,Uro to worki ng (or l'cal wages) ane! llollrs workc'd. as t.hc' time 
series for t,hes(' variables li(~ on a st.able. downward-slopcd I1lHrginal productivit.y-of­
labor cmve (e.g. Sargent. 1987: :YlcCallum, 1989). Yet. Olll' basplint~ 11lodel wit.h sticky 
nOl1lilwl wages prc(1ids (\ wC,LI< posit.ive correlatioll bctwcen pl'Oduct,ivity and hours 
WOrk(èO 0[' about. 0.21. while t.hc actual correlatioll i~ 0.01. As wc' disnlss below, the 
ernploYlllent ext,ernalit.y p\;-lYs ri significant raie in shaping t.his corrt'lilt.ion. The model 
<llso prc:ciict.s n COlTelat.ioll betwee!1 ÎllAatioll and Ollt.pllt growth which is close tn t.lle 
2.4.3 Business-Cycle Persistence 
The haseline lIIociel alsa has ilnportant dY!1amic properties. In recent. years. a ma­
jor (\rt'H of reseiHch in the bllsiness cyrle litemt.lJTt' has bet~n motivHt,('ci by t.he l'Lek of 
endoge!1ous propagation that. sœllls t.o plagllC CL wide dass of DSe E lllodds. King ct 
al. (1981)) lu)\'(' shown t.hat the bnsic ncoclassical growth mod('! c1riVl'1I hv il permanellt. 
tcchnolog,v shock g('Il(Tatl's IH:,lr-i',f'l'O ,1I1!",ocorrc!at,ioIIS 01' Ollt,Pllt growth nt, variolls hori-
7.01lS ,Lllci \Veelk IlI'grltive aut,o(,olTc1atiolls in t.!lC' growth rat,es of illvcstnlC'llt alld llours, 
',[,IIC'\' Il;;(' lfl'·fillcrc(1 <Iata inslf'ad or log-cJirrcrcncC'cJ dal.a as wC' cio, 1\ silOilar <lpproach is rollo\V('d by 
Bl'ilil n (J !)l),~) ill\( 1 \'lcc;rattan (1 'Hl,:!) who a.bo incorporate stochastic tax rat<-:s in an otherwise sta.ndard 
RBC nlorkl. 
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far from t ht' posi tin' }\11 t.ocOlTdnt.iolls t.!lat. ,HE' observt'd ill real ity !\ fort' IW:f'lIt Iy. Cogley 
Hnd 01asofl (1990) have sho\\'11 t.hM. the failure t.o prod\t<"l' plausible Ollt.put dynalllics 
seems t.o ext.cnd to }l largl' vmiely of lJUsjlle~s cycle mod('Is. 
Figm8 2.1 displa.ys the alltocorre!ation Functions for the growt.h rat.es of Olltput. con­
sumption, investm~'nt... hours and real wages. The e:4imat.ed haseline model generates 
plausibk patt.cl"ll~ of posit.ive seriai correlatiou in th(·~ nrst, l'am variables. Note in part.ic­
ular that HIe model proc!uœs substanhal persistence iu the growth rates of invcstrneut 
and hours worked. Aiso. t.h(" baseline model correct.ly preoict.s t.[l<lt real wagp growt.!l 
<'xhibits almost no Jw['sisteucc." 
2.4.4 Impulse-Response Functions 
The imr)ll!Sl' responsc fuudions of tlH' baseline mo<le] t,o il one-strllHlard-deviation 
t,eehno!og,v shock nnd t,o il ollt'-stHndaro-deviation poliey shock rHt' l)]'psPllt.ed in Figm<" 
2.2a aud FigurE' 2.21>. resprcti wl.v. Figme 2.2a displavs the irll pulse rf.'spouses of ou t put. 
consumptiou. investnl(~nt.. hours worked, labor prodl.lct,ivit,y. t,Il(' real wages. t.1lt' nominal 
int,prest rat<' ilnd t·hf' rate of inflat.ion to a positiyp tf'chnology shock. Invcst.lllt'nt and, to 
a less!'r t'xtf'nt. olltpnt l'espond in an hnmp-shaped frlsltion t.o ri t.ec!lIlo!ogy improvement., 
bd'ore r('a('hin~ tll<'ir new, Itighcr stcacly-stat(~ kV<'b. The rcspOllse of hours to a positive 
t,echnology shoek is posi tivc. persist.ent and hurnp-sltctped. )lote, however, t,hat, t.h<' 
init,ial rise in hours is (juite smalL. with an increi-tse of only 0.2 percent on impact. The 
response of ho\ll's in t.he baseline model is broadly consist,ent with the structural vector 
aut.Ol'egression (SVAR) evidencl' rl'portet! by Christiano. Eicltenbaull1 and Vigfusson 
(2004) and Vigfllsson (2004). 
T~lPre is an ongoing debate about. the ernploYJ11~~nt ('Ffeds of a t.('c:hnology shock. 
One side of t.he elllpirkilllit.erat.ure suggests that a positive t.ec!lIlo1ogy sllock !caels to a 
short-rtln fall in [)('r capita hours. This eviciencc enwrgt~s from struct.ura! vcet.or allton~-
"Admitt.E'dlv. tlle nlo,i<-~I do",; lIOt, 8K:cunllt for inAation jlersist"nce if it io meiolsurfrl bv t.he élntocorre­
Intion function fl)r t.1l,' inflation rat",. N",bon (HJ08) SllOWS tllélt. Tl1orld" \Vith nominal rigiciiti<'o are unahle 
ta generat.e high posit.ivl-: seriai correlation in inAfltion nnless on" él•.'iSmnes irnplallsibIv long nornirm! prieE' 
cantracb. ln ligbt, of rccent f'viricnc<' ~hüwing that price wntrm:\'s apjlCd.l' to 1)(' qnit<' short (f!.g. Bib 
ilnd Klellow. :2()(Jil: Alti,g ,,\ 81. 2()();'). IVe believe it i~ no! strollglv impIFlllsii>I<'. H~ CI nrst. H.jlproxi!l1i'\.t.iOl1. 
tü assunw priee ficxihility. 
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gression (SVAR) models where a t,echnology shock is identified a.s thr only SllOCk tlmt 
nffects la1>or produclivity in the long l'un (c,g" Cali, 1099: Francis and HmlH'Y, 200!)H, 
hl, A similnr n'suIt is also obtaincd wit,1l t,echnology shocks llH'asurt'c! bl' il "purifiecl 
Solow residllal" tha,L conlrols [or non-tedlllological factors lhat Illay aITel't measurecl 
total factor product,ivity (e,g" Dasu, FE'rnald, and Kirnball, 20(6),'1 Yd another line 
o[ l'eSt'arc!l mgucs t,hat, a posit,ivc technology shock t,riggers a ri:-;(' in pel' capit,a holll's. 
even whcn technology shocks arc ic!cntifiec! using t.l)(' sanIe ]ong-rtln rcstrict.iow-: Cl:> in 
Gali (lt)<Yl) (',P;" C'hl'isti;lIlo. EidwnhallTYI ,\1ld Vigfusson . 200-'1: Vigfnsson. 200-1)), The 
tlill<'l'cnce ill collclnsions arises t'win (.11<' dirklTlll. t n'iltnlCllb or Iloms in Illt' ~VAn: 
wllet,her hours ris(' or fall following Cl positive tcc:h[lology shock dt'pends on wllCtllCl' 
holll's enter tlw SVAR in log-lPvels or log-differences, 
Our fral1lework is not necessarily inconsistent with the fact, that, a technology im­
provenwnt coult! ('Vclltually induœ (l short-run decJine in holll's, For cxarnplc, Liu aml 
Ph,t1Wllf (2007) nntl thilt sticky wag(~s and habit formation in cOllsurnpt.ioll rnay t,rigger 
n short-f\ln fall in ho\ll's if eOnS\llll[)tion habit, considerahly dillll[)enS t.h" l'l~sponses of 
(:ollstllllption and ollt,pllt, following (l posit.ivc t.ec!lllOlogy shock. How(·ver. HIC modcl 
ill Lill alld Phancnf (2007) is calibrated, and t,IH'Y assign il value of O,~ t,o t.he habit. 
parametf'f h<'lsecl on the evidence report,ed in Fuhrer (2000) nwi others, The estimat,ed 
baseline mode! ddivers a slllallPr estimnte of the hi'lbit parClll1d,t'r of a!lout 0.48, which 
tends t,o l'drain t.he c10wnward pressure on hours. Also, as we sec l)('!ow. the ernr1oy­
ment exterllalitv flll't.her boosts output awl hours, Thcs(' two factors explain wh,Y tIlt' 
basdine rnodt~1 predicts ail initinl l't'Sronse of ho\ll's wllich is hot,h small and positive 
i\f't,(')' a kehnology illlproV('lllt'nt, insteat! of ct short-f\lll dec!inc ilS in Liu and Phrlllt'Uf 
(2007), 
Figure 2.2h displays t,he impulse responses to a negative shock t,o the nominrt! int.erest 
rat,e, Following il positive poliey shock, t,he nominal int.e)'est. ratf' init.ially falls hy 0.4 
percent, Out.put r1sc::; on impact by 0,85 percent, l'l'aches a IUilximmn increClSt' of 1.2 
percent after thrcc quarters and slowly returns to its pre-shocl< ar'ter t.wcnty (juarters or 
so, Invcstment also inc1'(~élscs sllarply following a posit,ive policy shock. with an initial 
911asli pt ai. (211()fj) st,rc'~s th(~ fart t.hi1t, ilo1l1" initially l'ail füllüwing a püsitiVf' t('cilnologv silock, hllt. 
tllE'Tl ri~(·\ (Illrin~ ~f'v~~I'().l q\1rlft,(-'rs. 
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incl'ease of 1.8 percellt. The policy shock gellel'ates a t.ypiutl hump-sha.ped pRttel'll 
ill the responsc of investment.. The l'esponse of (;onsulllption. which is smaller, also 
exhibits 8 hurnp-shnped patt.ern. The response of hours is both significant and hump­
shélped. Int.el'estingly. productivity weakly rises. Note a1so that t.he l'espOllse of rea.l 
wi'lges is tH'al'lv itcydical followillg t.he polic,V shock. This filldiug is cousistent wit.h t.he 
SV/\ n l'vidl'u('l~ rcportcd bv other l'l'scrll'c!wrs (eg., Chl'istiano ct al .. I9!)? 200.j). Thus. 
despi tc t.he prc'sc~u('e of nOlJl iua.l wnge coutracts. t. he basc'l ine ulOdc1 docs not. ha ve tlw 
implicatiol\ that. prodllct.ivity and real \'.:agt~s art' st.rollglv coulltl~]'(;'yclice" in response to 
a poliey shock. 
2.4.5 The RaIe of Nominal and Real Frictions 
v\'e inspeC't our moe!c'!'s dl'iviug rnechanisms by ('xillJlining tll(' l'ok 01' t.hc~ uomiual 
nnd l'cal Crictious ('luhedclccl in the lmsdine mode!. Figul'C's 2.3a aue! 2.:3h SI 1III Illmi;t,c the 
l'l't'cds of tcc'llllology alld polin' shocks if l1ol1linFtl W8gcs a.n' oplill1al ill ('['1\'h pc'rioc!. TIl(' 
rcnwining paral1H'tc'l's are fixed at tlJ('ir haselinc values. \Vith optimal wagl~s a.djllstil1g in 
each period, the po\iey shock does noL affect. Lhe real side of Ulf' el'OOUlnv as ~xpf'('Led. 
But., our filldings also suggest thflt t,he wage contracts greatl\' 1l1agnify thf' dfects of 
t.cehnology shoeks on out.put, eonsnrnption, invest.lllt'nt and holll's. :"1ote t.hat, without. 
Ut(' wagc cont.rncts cl t.cchuology irnpl'ovcrnent. proc1uces il short-fun dcdinc in hours 
worked silice t.hf' ('onsnmption 118hit. significi1.nt.lv narnpens the respollses of consull1ption 
i'lncl O\ltpUt. as Frn.ncis and RRmey (2005a) have suggest.ed ill a RBC context.. 
Figures 2...Ja ami 2.4b a..'.;sc~ss fIl(' l'ole of the ernployulC'nt c'xt.crnality. \Vithou(. t.he 
E'xtt'l'lIalit\'. tlH' illcrc'aS(~s in oUt.pllt.. COllSlllllption. inv<'st.llIcnt. aud holl1's t.hat" rc~sult. from 
a posit.ive t.echnology SllOCk are llIuch sllIaller, especially t.lw ris(' in invcstmcnt. The 
ernploynwllt exLcrnality also lws il strollg illlpiV:t on t.he rCnl ('H'ects of a policy shocl<. ln 
respons(' to il posit.ive poliev sho<:k. output. r(:'ile!WS (1 1l1(1ximUlll iU('l'('a.sl' I)f 1.2 p()J'cent 
wit.h tllC-' ext,<,rnèllity, while it. is only O.? percellt wlH-'u the cxternRlity is C:'xcluncd from 
the Illodd. r\'()(hll'ti\'it~r is illso signifiCi\ntly afkd.(·u. \\lt11 the extellmlitv, Pl'\)dlldivit.y 
wcakly rises. \\ït.llOut. Hl<' extcrnality. productivity persistent.!.\! <!ec!iues in rcsponse t.o 
the policy shock, i\.nd a.s R l'l'suit, the correlation between hours il.lld product.ivity is 
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-0.21 Thus. alt.hough tllP mixture of shocks C'Prtnillly cont.ributl's t.() get. t.11t' conlOve­
lllCllt Iwt."'('Œ hOllrs and prodllct.ivity right" the ('mp!ovnwllt, cxt.c'rIInlit,v rClwlillS IH'lpflll 
il! prodlwing n \\'('ak positiv(~ cOlTclat,ion Il,\' rClldering produdi\'itv \('ss ('ollllt.é'rc,\·clical il! 
respOllse t,o polie,\' shocks. The ext.ernalit.y has a similar impact on real wages which arE" 
more or less acyclici1.1 following a policy shock, while they are strongly conntercyclical 
wit,hout the ext.cl'l1alit.y. 
Figures 2.5a alld 2,5b examine the l'ole of habit. formation il! consUl11ptiOIl. 'YVithollt. 
cOllsnmpt,jon habit. output, initially inCl'eases by almost. 2 percent, following a posit.ive 
tcchnologv sh()ck. conlpared t,o 12 p<'rccnf. when habit is pn's('llt. Furl.hcrlllol,('. IIICf(' is 
no graduaI ris(' in Olltpllt. t,owards it,s IlC\\'. highn st(~ildy-st,at(' Ic\'c! wll('n cousl!lI1pt.ioll 
habit is ol11ittl'Cl. The maximllm increase ill COllSIlI11]Jtioll t."I,cs plnc(' inlllH'diatelv after 
tlH' shock n.lld is almost. t",icc ilS ln.rge as in t,Il<' iJas('!ine mode!. \J"ithollt. conslllllpt.ion 
habit. homs do not exhihit t.he t.ypical hump-Shr\p(~d pat.tenl. i\!()I'l'over. t,he illiti,l1 risl' 
in hours is close t.o 1 perceut" rather t,hall 0.2 perccnt with hahit. Consumpt.iou lHlbit, 
has also a crucial l'ole to play for t.he transmission of policy shocks. 'YVithollt it.. the 
po!icy shock d()('s n()t.(~ g<'lIcrat,e a hllrnrH:;\l<1pwi l'(:sponse in OIlt.Pllt., consllrnpt.ion and 
homs. Notc that t.ll<' illCr<'flse in cOl1sllrnpt.ion l'eslllting from il posit.iV<' polic'y s!Jock is 
(1IIit.P st.rong Wit.!lOllt, hAbit. 
Fillally. Figures 2.Ga and 2.Gb assess t,IH~ contribllt,ion of iJlyt'stment acIjllstnwnt cost,s 
ill the basclinc rnod(~1. Dy imposing that t.he curv(tt.lIl'P pmanwt('1' SI/(a) t.akl's 1:1 v,,\Iuc 
whieh is ilrbit.rarily smalL IllOSt variables lwcome exccssivel'y volat.i](,. 
2.4.6 Consumption Habit vs Leisure Habit 
Tlwre is in t.he lit.t'rat,lIre sOl1le eviclence of habit fOl'lllat.ion in I(,'isure choice, Eiehen­
baulll ct al. (10H7) off('!' ('videne<' hasC'd on aggregat(' timc series w!Jich rWv'('ills tcmpor1l.1 
COll!p1cl\H'lltaritics in periods of kisIJn'. Theil' IlpprorH:h <'xploit.s Hw ElIlcr l'quittions 
of il model wher<' the rC'presentative agent, has \1ont,illle-srparahlc' preferences for con­
sumption ,wd lcisll)'('. Dover (1991) ()Iso fill<1S th()t periods of ]l'isure arc t(~rnp()l'al 
complelllents lIsillg micro dilt.a. Wen (1998) (~stimatcs a t<'c1l1lo]ogy-driveu RUC rnockl 
t, ha t fea t ures an (~m p] o,y nw Il t. ex t.erna] ity and nont.il1le-separa hIe prderenu's for leis\II'e, 
and also fillds pvidf'nce of significilnt habit format.ion in If'islll't'. 
Tlw DR rnodf'l f('at.ures habit. formation for consnrnption and Icisure. Th(' est.imat.cs 
of t.he stToetura! parantders of t.hl' DR n}o(\l'I are pres(,llt.cd in Ta ble 2.1. Int.('r<~stingIv. 
the estimales are not 1·00 differenl from t !lose report.f'd fur the basdine mode!. The 
point est.imélt.(-~ of t.hp leisllrf'-habit. paramet.er Il is 0.5177. Consllmpt.ion habit is al­
rnost. llnaHcd.ed hy t.lw pr<'sencc of leisure ha.bit. a.s the conSlllnption-hahit. paramcter is 
0.4802. The t'stilllilt.('d Calvo-probahi!it.y of nominal wage non-adjllst.nH'nt. is sOlnewhat 
)OW('f now at. ().71·:j.~. Tht' enlployn1f'nt-<'xt.ernillity ptll'ilnlCkr is also low('l'. with a point 
('stinmte of 0.22G5. fn t('rrns of lmsiness-('ycl<.: statistics. t.IH' pl'<'ciidi(HlS of the DH and 
basclilH' [Tlodcls arc Vl'rv similar (rcsults not. repOl'ted). 
Fig\ll'f' 2.7<\ <lIld 2.7b analyze the l'Ole of each t.ype of habit in t.1H:' <:'st.imat.ed DR 
mode!. Clf'arly, habit formation in coosllmption is mon, import.ant fol' O\ll' main findings 
them habit forrnat.ion in leisurc. Excluding lcisure habit a!most. !las nu impact. on the 
impll!se-l'C;;ponsc fuodions of the DR mode!. while ul1lit.ting eOnSlll11pt.ion habit. has a 
significant effect on severa! implllsf' responses. 
2.5 Conclusion 
This chapt.('r has prop();;('(1 and estirnatec1 a bllSilwss (',Vel(' modc1 Hmt. lwlps Ull­
(1crst.llnc1 t.he saii('nt f('aüm's of post-war lJusilicss cycles. TIH's(' illc!II(1c t.1l<' !WM-zero 
currelat.ionl)ftwœn hours worlœd i-\,nd return t.o working, {nId the posit.ive seriClI c()rJ'(~ICl­
hon ill t.l1P growt.h rat.es of output.. cons\.Ilnption, inV<:'st.ment. and houl's worked. and t.\w 
Ile<)r-zl'I'O seriai ('oIT<'!atioll in l'cal wage growt.h. Th(' [no(\el t.11II;; llIcl-'t.s the challenge of 
producing plausihle husi[l('ss-cy<:\c dynamies t.hrough it.s int.cnInl strucl·ure (cndogcnolls 
business-cycle propagation). 
Om finclings lead ilS t.o conclude that a mode] f(~atnring st.Îcky nOlllÎnitl wages, Il 
rdative!y srnall elllployrnent. externa!it.y, milel consurnptioll habit, and rdntively 1I1O<1pst 
investmcnt ildjllst,ment costs does quite weIl in captlll'ing t.he main charùct.elist.ics of 
postwa l' busi ness cycles. Ench of these frictions plays a signi ficant. roJe in shaping t.he 
kcy aspects of' the busille;;s cycle. Int.crc;;tingly, wag(~ cont.rads v,'hich an' of't.l:'n sœn 
as affect ing 1110stly the t.ransmission of 1l10flctarv polie'y shocks. Cl Iso haV<' a signi ficant 
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impact on thE' efi'ects of technology shocks. 
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Table 2.1: Maximum Likelihood Estimates 
I3as(~lin(' rno(kl OH lllO(lel 
Parnml'tpr Estimat.p St.anclard Errol' Estilm1f.<' Standard Errol' 
li 0.477..1 0.0373 0.4S02 0.0223 
li 0.5177 0.0252 
lN' 1.1287 0.2987 1.0510 0.0054 
S" (a) 1.6091 0.2073 1.6311 0.0570 
p,. 0.7030 0.0227 0.6679 0.0245 
VIT 1.2485 0.0387 1.002G 0.0048 
(Jq 0.072j 0.0411 0.1344 00456 
dl/' (1.7468 OOl04 0.7144 o05:35 
(J.2(;87 0.05..18 0226;) O.OK88 
Œil lJ. 0159 (J.001l 0.01..1,) (JOO13 
cr rri 0.0051 00003 0,0043 000(]:3 
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Table 2,2: Cyclical Properties of the Baseline Model (Log-differenced 
Data) 
Panel A 
lvlomcnt:; data Dasclinc moclel 
(T 0.('1 (T 6y 0.5007 0.740;) 
116,)1I6y 1,9780 1.8013 
(T 0.h 1 (T .:J.1j 0.6027 0.6779 
(T 0.u/ il 1 (T D.ll 0.71.50 O.(){)41 
(T 0.u:/ pl(T 6u 0.5371 0.6308 
Il6/'1 cr6y 0.5035 0.5729 
Panel B 
l\[ornent:; data Dasclinc model 
('m' f'( .6.1' . .6. y) 0..')303 0.0718 
wJ'J'(.6.i,6.y) 07384 (UJ666 
l'I1J'J'(6.h.6.y) O.GOO l o.son 
(·of'f'(6ul h. 6 y) (U212 0.74D3 
(()l'J'(6{!,6.1/) -0:3514 -0.:3697 
(·o7'f'(6/}lh.6.h) 0.0089 0.2141 
Figure 2.1: Autocorrelation Functions 
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Figure 2.2a: Impulse Responses to a Technology Shock: Baseline Model 
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Figure 2.2b: Impulse Responses to a Monetary Policy Shock: Baseline
 
Model
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Figure 2.3a: Impulse Responses to a Technology Shock: Role of Nominal
 
Wage Contracts
 
Output	 Consumption 
2,....---"'=-_=~_----~---, 1.S,....----~-------, 
- .--­1.5 
-- -------- ..- ­
0.5L----~-~~-~----J 0.5L--~-~-~--~----1 
o 4	 8 12 16 20 o 4 8 12 16 20 
Investment	 Hours 
:t.: ~.. :- _:}. :: ._..~- ·11 
o	 4 8 12 16 20 0 4 8 '12 16 20 
Real wage labor productivity 
'+..	 '/~-:I ':1· ~----=-~'-I 
0.5	 OS --~-~-~--~-
o	 4 8 12 16 20 0 4 8 12 16 20 
Nominal interesl rate Inflation 
_::1"" :-. -, '~--I -:}' :_~.~ .J 
o 4	 8 12 16 20 0 4 8 12 16 20 
Nor(~: f3nsclillC Trlo"!'i: solid lin('. \10 wagc COllrral'ts: jilll; \Vith circlcs. 
61 
Figure 2.3b: Impulse Responses to a Monet.ary Policy Shock: Role of
 
Nominal Wage Contracts
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Figure 2.4a: Impulse Responses to a Technology Shock: Role of 
Employment Externality 
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Figure 2.4b: Impulse Responses to a Monetary Policy Shock: Role of
 
Employment Externality
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Figure 2.5a: Impulse Responses to a Technology Shock: Role of
 
Consumption Habit
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Figure 2.5b: Impulse Responses to a Monetary Policy Shock: Role of 
Consumption Habit 
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Figure 2.6a: Impulse Responses to a Technology Shack: RaIe of Investment 
Adjustment Costs 
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Figure 2.6b: Impulse Responses to a Monetary Policy Shock: Role of
 
Investment Adjustment Costs
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Figure 2.7a: Impulse Respanses ta a Technalagy Shack: DR Madel 
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Figure 2.7b: Impulse Responses to a Monetary Policy Shock: DR Model 
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Chapter 3 
From the Great Inflation to the Great Moderation: An 
Estimated Structural Model With Firm-Specifie Labor 
and Nominal Priee Rigidities 
3.1 Introduction 
Thb clJapt.er explores t.he reasolls hehind t.he spectaeltlar increase in lllacroeconomic 
st.abili ty From the Great. InRa t.ion ta the G rcat !\'Joderat.ion and t.rics to harrnonizc the 
empirical ('videne(' From micro('(;OflOmic dat.a snggesting that firrns rcopt.imi:œ pric(~s 
relat.iwly frrquent.ly (e.g .. Dib and Klenow, 2004; Golosov and LIICCtS, 2007: NakamllrH 
and St,einsson. 2007: Klt'now Hnd J<ryvtsov, 200S) wit.h t.hat. ft'onl (lgi!:rt'g<lt.c t.inll' series 
abOlIt the illert.ialnatllJ'(' of tlle ir.lfin(.ionary proc('ss (',p; .. Fllhn'r and \foorc. 1905: Gall 
1"Hld (;crtler. lf)<)')). 
\\'e estilllat(' a DSGE nlod(~1 of t.he O.S. eeonomy that rest.s on t.W() main pillars. 
First. following Kirnlmll (1995), pricc-sett.ing rnonop()listic compct.itors face a variablc 
e1astici t.y of denléll1d. Second. fol1owing Woodforc! (2003, chapter 3), labor is specifie 
to the firm or industry. While illiplying a plausible behavior of priees: our henchmark 
mode! goes Ct long \Vay in the explanation of the Great l'viorleration, captming close to 
80 percent of Hw slli:lrp dcclinc in t.lIe volatility of output growt.h and 86 percent of the 
largc fal! in HIC vmiabilit.v of inflation. 
l3ast'(i on COI 111 t,prfact. liai experinwnts. WE:~ flnd t.hat the main drivrrs [whim! thl' 
reducl'd volatilit.y in r('al OUt.pllt. growt.h are the shocks. Howevel'. ulllikl' ()the\'s bcfore 
liS. Wl' idclItifv labo\' sllpply shocks as t.he key SOUIT(' of the illcr()(\s(~d st.nbility in output 
flmt\lations. III cont.rast. t.he declinf' in t.he volatility of intifttion is attrirJllt.ahle almost. 
eCJually t.o changes in t.he behavior of t.he private sect·or, il less accommodat.ive nlüllet.ary 
poliey and srnalkr shoeks. 
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vVe adopt the following empirirn! strategy. First. we estimnte t,lw benrhmark mode!. 
IISi ng Ire!an(i"s (2001, 2(03) cconomctric proc('dure for a sam pk of (1<)(a covcrillg the 
.vems 1048:1 t.o 2006:1I. This allows us to corn pare 01ll' findings about t.he fn'quC'lley of 
priee reoptinlization \Vith t,hose of ot.hers and t.o assess t.he abilit·v of the ]wnrhmark 
modt'i to milt.ch the volat.ility of OlltpUt. growl,h. t.he variabilit,.y of inHation alld the 
('Ol110VClllcnt bd.wCl'r1 out.put growth and inHat.ion during the postwar period. vVe find 
that t.he lllodel l"l)I'odllCl'S tl1esl' nlOnu:nts \Vith aecunJcy. i\ssurning, as in st.andard 
Calvo-st.Y]l' morlel:-;. Cl f:Onst.ant dt~rnand elastieity and int.egrnted labor markets (i.e. 
\Vi t.hout firrn-spccihc J(:l bor). our csti rnates suggest tha t, hrms ]'coptirnizl' priees onc(~ 
l'very 5.4 quart.ers on average dllring t.he postwar periot! (sec also Ga.li and Gert.lcr. 
1909), which seems like an implausihl.y long period of ti111e. With a constant. <.-'iast.~ritv 
of delllalld and firm-sperific labor, the frequency of priœ reoptimizat.ion decreast's j.() 
Olle(' ('v('rv tlm'(' quart.ers on averag('. vVit.h a variable elastieity of denwnd and fil'ln­
specifie labo!'. it declines flll't.!wL gett.illg ciosr t.o ol"1(:e l'very t\\'O quort.('rs. 
The mode! is next· rl't'stimnt.ed \Ising rt sample of dar.a covering t.he Creut. InHat,ion 
(1948:1 t.o 1979:11) rlllll tlw Grent. l\lodcl'atioll (1984:1 t.o 200G:fl). We filld that the 
bcnchlllHrk lllode! clo::;l:1y mat.ches the volatility of l'cal output growth, t.he volatility 
of infiat.ion and the rorrelation het.ween out,put growth and infiat,ioll dill'ing the t.\\IO 
sllbperiods. 
FinaJly. wc arc able to dct.('(:t stat.istieally siglliheant chang('s iJl SOJll(' st.ructuri'll 
paramder valul's Frolll the Great. TJlHnt.ioll to thl' Gl'eat f\loder<lt.ion. Hahit pel'siskl\(,l' 
dl·'C'l'f'rJS('S. TIH' dcgrf'l' of investment rHijustnwnt. ('ost.s illcreases. The Federal Rl~serve's 
tendelll'Y t.o Sillooth chnllges in int.el'cst ri'lt.cs dccreases, whcrcas mOllct.ary poliey 1.>c­
comes less accommodat,ive in reSpOllSl' t.o infiat.ion (sl'e also Claridn, Gali a.nd Gcl'tler, 
20(0). The composit.e parameter governing t.he l'esponsiveness of inflat.ion t.o marginil.l 
l'ost falls, implying t.hat t.he frequenry of priee reoptimizatiol1 increases sOlllewhil.t c1uring 
t.he Great l\Iodcration. HoweVf~r.. i t. alwa.vs remains under thl'ee (juart.cl's ill cach subpe­
l'iori. \Ve <llso find import.aJlt. diff('n~n('cs in tll(' (·'stimated wnim}('('s of the shocks. but 
no st'.rang l'viclence of st.é'\.tist.ically significant. changes ill thl' persistE'lIClè of the storhastic 
pro('('ss('S gcnerat ing the shocks. 
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The chapter is organized as follows. Sect.ion 3.2 brieRy descrihes the changes in 
t.he volat.ilit.y of output. growth and inflation from the Great. Inflation t.o the Cn'at 
1\fodemtion. Section 3.3 dCVl'lops our DSCE mode! with a variablc eli:lsticit.y of dernand 
and nrm-specific labor. Section 304 discusses some t'conornetl'ic isslles. Section :3.5 
n'ports our t'rnpirical findings for the t'Iü.ire postwar period and analyzes the result.s. 
Section 3.G pl'<'s<'nts our findings for tlw two subJwriods and identin('s th(, SOIJrcps of the 
Grpr1t [V[od,'rH t ion. Scctioll :l.7 offcrs c()lICludi ng n'llImks. 
3.2	 Output Growth Volatility and Inflation Variability from the Great 
Inflation to the Great Moderation 
F'igllrP :~.1 displays tlw pvollition of the growt.h rate of ontput. and the rate of in­
HM.ion l'rom 1948:1 t·o 2llD(j:lI.1 It. also pn's('nts 20-qual't.('r rolling st.<Jndard deviat.ions 
for tl](,s(' variables. Th(~ volatilit.y of output. growth and tlH' vrlriabilit.y of inflat.ion haV<' 
hoth considerahly declined from the Great Inflation (1948:1 to 197D:II) to the Great 
T'vfoderation (1984:1 tn 200G:II)2 The volatility of output growth lws rccordecl two lll(l ­
jar declilws. the first occurring betwCl'n 1961 and 19G5. and the s(~cond betw(~en 1984 
and 1990. However. t.he recent c1edine is more dramatic. with the vo1at.ility of ontpl1t 
growtil fnlling l'rom il high 1.8 percent in 1984 t.o a 10\\.' DA;') perccnt in 19C)(). It. has 
ren},liIH'd tH'!OW l percent". ('ver since. 
The U.S. e('(JnOlllY has abo ('x[l<'ri('lH'ed a ]engthy period of high inflation from the 
Inid-10bOs to the early l<JSOs Howevpr. t.here have heen lnrge declines Dot.h in the levpl 
,\1](\ in the volntility of inflation after 1984. Th(' variabilit.y oF inflat.ion lms dccreascd 
from a high 0.81 percent in 1984 to () low 0.25 percent in 200G.:1 
Table :3.1 reports the st.andarn rievifltions of out.pnt. growth and inflation, and the 
correla.t.ions bptween output. growt.h and inflat.ion dllring t.he postwar pl'l'iad. Hw Grea.t 
Infl,lt-ion amI thl' Crpat i\Iodcration. In ail Jwriods. outrut. growt.h is considerablv 
HWr(' volatile t.ll<ln infl,ltion. Furthermorc. the correlation lwtw('(,n ont.put groWt.ll and 
IOllt.pllt is c()nVf'rtpn int() ]Jpr capit1l tl·:rtns 1Ift.er beillg divirierl ily th~ civiliitl1 n()ninstitlltional pop­
lIlation 1(, v('ars nnn i1bove. 
:lrollo\Ving i\kConnell and Pprez-Qlliros (2()()()) and ot!lers, \Vlo adopt lDR·U a.... the stmting date of 
tll<' Creat \I.()n(,l'>lti()n. 
:11 havE' also lo()ked at HP-fi\tered rhta a.nel found similm results. 
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inflation was milell.\' negiltive. TllP volat.ility of out.put growt.h declined hy .50 percent. 
and t.lw variallilitv of infintion hy G5 perccnt from the Crent Infintion to t.ll<' Creat 
i\Iod('['ation. \lcanwhik. t.he COITl~l<1tion I)['t.\\,('en thc' growth 1,)(' of out.put. and t.he 
inflat.ion rat.e beeame inereasi ngly negative. falli ng from -0.1672 in t.lw first su bperiod 
to -0.3104 in the second subperiod. 
3.3	 A DSGE Model with a Variable Elasticity of Demand, Firm­
Specifie Labor and Nominal Priee Rigidity 
TIH' ('COllonl.\' is populat-ed by a large nUllllwr of IllPmbers of a hOl1sehold, each 
clldowcd \Vith a diFf('r~~ntiat.ecl labor skill inde:œd by 1 E 10, 1]. Then~ is a.1so a lal'!~e 
nUI11I.)('r of nrrns. eadl produc:ing a c1iffcrentiated int.errne(liate good ind('x('d b\' j E [0,1]. 
}'ollowing \Voo(it'ord (2003, chapt.cr 3). a key fcat.ure of' t.he rnod('l lic's in t.ll(' s[wcificity 
of t.he labor relatiollship betweell a partieular firm or illdust.ry. alld a particuhr type of 
skil!. Thnt is, the/ I }, rnernlwr of t.he housc!rold supplies lahor only t.o firrn). while firrll 
j hires only t.he 7'h type of skill. For the sake of sirnplicity, wc assurne i = j. 
\Vhile IClbor is finn-specifie. no single housl'llOl(],s lllem)wr Iws 1ll0llOpoiv power and 
no singlc firm Ira~ nlOllopsOlly power. Hell(:(~. Cl \Vay to nll(if'rst.an(i the specificit.y of 
the Inbor l'clrltionship hl't.\\'('(~ll tl1<' /', nH'll1lwr of tire household and the .t' nrrn is to 
t.lIillk of ea.cil point. 'i on the unit. illterval continulIlll a~ f(~pl't'sent.ing i\ large nlHlllwr of 
individuals sllpplying a specifie type of lahor and of eaeh point j on the unit, interval 
continuUlll as representing a létrge number of firrns ernploying that partieular type of 
skil!. For cxarnpk. one can t.hink of factor speeificity al. t.he level of i'l 1'(~giOll or an 
industry. 
3.3.1 The Household 
Thc hO\lseholcl's prdcrcnc('s an~ (kscribed by the fol\owing expect.ed Iltility fUllct..ion: 
E o t	 (JI [C({U (C,. C1- 1) -- Ch.1 /1 V(JI'I )di - /.\ x(e'l )di] , (3.1) 
/._()	 . () .0 
where 
U(C/, C'_I) = ln(CI - bC1- 1), 
V(H.. ) = _\_fl_H.1+'/".
1.,1 1 ' 1 .+ 11h . 
74 «,)_~I+7), 
X (., - 1 + Yi" rd . 
!1 E ((J, 1) is the subjcctiV<' discount factor, C, is the aggregatc consulllption gool1 in 
[wriod i, ami C'_I is the habit rt'feren<'e level for conslllllption. The variables Hi./, a.nd 
e,1 denote the hours worked and the level of effort. of the i th mt'Illber of thr hOllsehold, 
respcct.ively. The pararneter li E [0, 1] 111easures t.he degrce of habit fornlilt.ion for CO!l­
sllnlpt.ion, whilc rlh anc111r arc t.wo posit.ive rmrarnct-ers. The householc1's prefercnccs arc 
<1ffl~('(.Pd by shocks to the l11iJ.rginall1tility of conSlllllption f('.1 and to t.llt' marginal disll­
tility of ho\lt's wOl'ked (Id' Doth are described by first.-ort1er <lllt.on'gressive pro(;(~sses: 
(:3.2) 
ln(EI1,tl = Ph1n(fh,f-l) + Eh,t, (3.3) 
where 0 ::; (JI < l, 0 ::; (Jh < 1; éc,l. and é/7,I arc zerO-lllean, seriallv \IllCOlTelated. and 
nonnaUy c1ist.riblltcd innovations with standard (\0viations a e and ah, respectively. 
The hOllsehold E'nters periorl 1 with bond holdings D'_l' and a predeternlilll'ci stock 
of phvsica\ c<-\pital f\, which is nmt t.o t.he inkl'llwdiate-goo(1 firl1ls al. t.llP l'pal rentnl 
ratc R7'. Householc1 i supplil's effective hours workcd e,.. IHi.l 1.0 finI! J at t.lH' nornirml 
wagp rate 1,(/;.1. At thp end of pel'iorl 1. the hOllsehold receivps t.otalnominal divirlends 
DI frolll t.llE' firrns. The hOlJsehold pl.1rcllèl.-SeS B t llnits of honds. CI uuit.s of' an aggreg<lte 
consumption good nt the nominal pric:<' Pt. and ft. llnits of an aggregate inV<'strneut. good 
from the finislH'd-good firm.·1 The hOllsf~hokl's Aow bllc1gl't. const.l'ail1t is: 
' 1 BI [3/_1 '1' Il /' R"l/ D,C1 + 1 + !? p ::; -p + /'1 H'i.I('i,1 i.I(1 + t, f\1 + D' (3.·1) 
fil . Il JI 
whl~rc l'V'"I = \.~;," is the rcal wage ot' t.he i lh nWmbl'l' of the hOllschold. "ud R, is the 
gross nominal interest rate betweell periods t and t+1. We impose t.he explicit bOl'l'owing 
const,raint, Dt 2: - D, D 2: 0 ta prevellt, the hOllsehold from running Ponzi schemes. 
The stock of physie<-tl capitn.l obeys: 
(3.5 ) 
'1 1'011011' t.hC' st.ancbrd practice of as,:uming ('omplete financial market.s. Thi" implics that. t\w ho IISe­
l1ol,j's mernbers arE' identical with r0:"pect. to cOlIsllmption alld bond holdings. The SOIlITE' of J,f't.p.l'Ogp.ne, 
it.\' i:)('t.wœn tll<' l1ollsC'hold'" memher,: is prwlncC'd onl." by t.11<' cxi:"t,"lIu' of "q~mcnt"d labOl' markets. 
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where â is t.he deprer.ia,t,ion rate of physical capital. The ser.ond t.erm on the right-hand 
side of (3.5) ernbodies t.he investrnent. adjllst.rnent costs. The fllnction 5(.) is positive. 
conv('x and it. satisfies S(é l ,) = S'(é ll ) = O. wlwre fil c1eterrnines the steady-st.nte growt.h 
ré1.te of Ollt.pllt (see below). Following Greemvood et. al. (1988) and Fisher (2006), éLl IS 
an invcstlllc'Ilt.-spc'cific silock wilich follows t.he first.-order Hllt.ort'grcssivc pn)('(~ss: 
III (f i () = Piln (f i( _ 1) + é", . (3E> ) 
wlH'l'(' () S fli < 1. ilild =i./ is a 7,Cl'O-IlWHrI. sprially llncolTclatcd. nlld nOJ'l)Htlly distributed 
innowl.tion \Vi t.h stand<Hd deviation (T·i. The household maxi mi:œs the lit il ity fllnction 
(:U) slIbject. t.n the budget cOllstraint. (3.4), and tile capital rtCClllllltla.tion eqlliltjoll (3.5). 
'l'Il(' first.-order condit.ions ('orn~sponding t.o t.his problc'nl arc: 
C3.7a) 
(3.7b) 
1)" - ur" JI· A (:3.7(')X/f i.. / - ni.! '1.. 1 l, 
q, = 8f', [A~:I (R~~I + (1- 6)q,+1)] , (3.7d) 
1 - fjE/ [.\!~: 1 (J 1+ 1S' ( ~ ) ( ~r(i.I + 1] 
Q, = -.,-----=-----;----,------.,-----------;-----;--..,.....-----=­
[] - S (~) - S' (~) (~) ('.1 
whrrp A, is nif' Lagrangr mult.iplier associated v·:it.h the blldgrt COlIstl,lint (:l.-'1). Equa­
tion (3.7a) rqmtls t.he mnrgillal t\ti1it.v of date-t COnSlll11pt.ion t.o it.s npportllnity cost. 
Eqllations (:l.ib) and (:.l.7(') l'quai tb(~ l11arginal distltilit.v of hO!lrs and effort to their 
l'('sJ)('divc (~aJ'l)il\gs. 'III(' l::ulcr condition for capita.l (3.7d) says t,hat the shac!ow priel' 
of illstitlled capital. nWHs\Ir(-:d by mRrginal Tobin's Q. equab tht' SII111 of the expectecl fll­
t.llre vnlllc of Q net of cicprcciat,ioll alld tltc cxpcct.cd fut,UH' rd,\lrl! 011 ('apit.ai. Equation 
(:3,7e) dctcrmines t.he opt.illlallcvl'l of inVf~st\llCIlt.. increasing in Q. 
3.3.2 The Firms 
'1'11(' rcpresentatiw fillished-good firrn is perfect.ly cornpet.itivc alld prodllCcs y, unit.s 
of t.he finishecl good. \Vit.h the following general variety aggregator proposecl by Kimhall 
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(1095): 
t c; (Yi;' ) di = 1, (3.8)Jo l, 
wilere Y,.I drllot.('s tile quallt.ity of t.hr illtermediatf' good i liser] ill t.1lt' productioll of 
the ('olllposite hnisl\(~d-good l'I. The function C(.) is illCl'casing, strictly ('onC8V(), and 
i t. satis!ies C( 1) = 1. Tll(' filli::;heci-good nrrn purchase::; Yi, al. t.he f10111ill;li priee n.l' 
The first-order conditioll corresponding t.o t.he finished-goor] firm's profit. IllilxilllÎzat.iol1 
pl'obJem is 
. 1-\ ;.1 1 - .(J'li )(i.J = C '"'[l C (C.tl·(dd7. . (3.9) 
1. () 
wh cre C,/ = Yi.I/Yt, and G'(.) denote<i t,lH' part.ial derivat.ivc of C(.). ln the absence' of 
profit.s, thc Ilominal priee P, is giV<'1l by. 
['1 = ,1 ['>./C'-I (T'Al /'1 G'(C,tl.(i./dJ ) di. (3.10) 
./Il f • n 
The illternwdiat,('-good !inll i produC'cs Y"I Illlits of il diH'f~I'('lltiatl'd int.ennrriiat,e good i 
llsing finn-sl)('eific (~H'(,ctivc li'lbor homs cj,/Hi .l . ;md ](i,l. llllit.s of th(, hOlllO~CIl('OI1S stock 
of phvsical capit.al. Hellc('. 011 t.put l'il is prod \j{'('d t,h l'Ollg h t.11l' foilowi ng prod uctioll 
fllnctioll: 
; _ {!{-1'I(rll,tei.tTT,./)I-n - Cn.l<P if f\~I((IJ.le,.lrri,)I-(\ ~ (".I<P 
li,/ - (3.11 ) 
o otherwi<ie, 
where ()' E (0.1) is t,h(~ shrtre of physical capital illt,o the product.ion of the int.enlleriiate 
good i. cp > (1 is a ('Ollllllon fix(·d-cost. t.cl'ln,') and ta.' is the Iabor-allgrllenting levcl of 
t.echllolog,\'. The tedHlology shock is gr:neratcd by t.11(' logarithrnic ranc!ol1l-walk proccss 
wit.h drift: 
In(cfI,/) = ln((r,,) + In((rLl-I) 0:"./. (:3.12 ) 
where E"./ is fi zrro-rnean, sC'l'ialIv uncorrelated. alld 1l01'l11allv dist.l'ihuted innovat.ioll 
wi th st.a.ncla.l'll dcvia tion (T". 
;''l'llf' iJlch"iOII (Jf iIH:rensillf\ rd-lIl'n, t.o ,;(all" throl\f\h the fixp.d I.!~l'Jn (ost i1llows tlll" firllls to P.i\r1I 
7,()ro profit:, in the ,t.(-'ml,\' "t'lt.e. H.otpmbprg alld \Vooclfof(! (!0D5) ill'gllE' that during the postw<IT perior], 
H\'erilge pllre profit,.; hil\,p bE't~I' close to Zf'ro in thl" {I.S. p.conorn\'. Thc pri(e IllRrkllp can t,hll'; he 
('Dlibrat.l,d at COll\'cnt.iol\l1.1 \··>Ill1e,. 
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Each pcriod. l'ost. miniIllizatiun irnplil-'s the following first.-orc!er condit.iolls for th(-: 
reprcscntiJt.i V(' hon : 
(1 - n) (Yu. + (II.,<P) AIC,., = IV/. , 
(·i.,H.,.! I 
.. (Yi.,I + ((J,<I)) 1\ le'· = RI>(\ f' ,..,., , (~3 .1:3 h) 
'\;.1 
where MC,..! denot.es the real marginal co~t of fil'ln i. HE'nee, the hnn equat.es the 
marginal produ\t. of each input. t.() its sbadow priee. Fil'lllS set nominal priees in a 
st.aggcred fashion in tlte spirit of Calvo (1983). III eneh pcriod, firrn i faces probabi!it.y 
l-~ of rcoptirnizing its price p,..•. III (\ SYIlllllPt..ric cquilibl'iuIll. the hrrns that ar<~ allow<'d 
t.o reoptimize priees in perio<l t choose die same optimal priee P,* . Proht m3ximizat.ion 
yiclds the fol ]owi ng first-orc!er C'ond it.ion: 
P*,. E, 2:::-:()(f3~r ~ «((i./+T )JlfCI+T) (3.14 )P, b, 2:::-=1I(fJç)TI'I\~7 (l';~T (1- E((iJ+T))) ' 
wherc d(,,!) denotcs t.he c!ellli:\ll(l eli:\sticity of a clifferentiaterl goocl 'i, wlticlt is givcn by 
_ ( C'((",) )~((;.f) = - G"(,tlc, . If firms are allowp,n t·a reapt.imize t.beir priees in eReh period, 
(~U4) silnplifies ta: 
~* E ( (u ) :1fC 
P, E( -. ) - 1 LI~". 
This equiltion Si'l.\'S t.hat a firm's opt.iIlla! relative pricf' is equal to the prodllC:t. of tlte 
lllmkup and t.ll(' ml! llImginaJ COSt. TIl<' Illnrkup irnplicd bv KirrliJall's (199;)) spccifka­
t.ion il' t.ilne-varying.u Thf' aggregat.e priee Icvel in (:1.10) il' c!(-'t.erlllined hv, 
InA,üian dynatnics can he descricwd by the Phillips Curve equatiol1 (see the appendix 
for a complete dcri vat.ion): 
(:3.16 ) 
wit<'r<' 
f= (l-iiç)(l- ç)y_l. 
ç 
611 is wnstilnt under tll(' filTlliliill' I)ixit-Stiglitz il~grcgator. 
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From now Olt. a lower case variahlE' denotes the 10g-oE'viation of the COtTE'sponding 
upper case variable l'rom its steady-state value; 7ft is the rate of inflation, and met is t,he 
aggregatc real marginal cost, 
TllP composi te t enn r deterll1illeS the responsiveness of inflation Lo the real InargillaJ 
cost, This t,erm is negatively relateo ta .p, which is a fnnction of st,ructlll'al ]Jr1ri-lnleters 
of the l!1odcl (SC(' t.he appcndix), In the lwnchnmrk modcl, t.his composite pnrilIllct('r 
is'i = 1 -1- yi -1- Y2. \Vith YI,.f2 > O. Henet'. thc l'('s[>onsiwness of inflation to t.ll(' 1'(:,,1 
margi nal cost, is dam pt'IHX\ via two <!ist.i nct, c:hallllcls. Thc prtl'am('t,('r yi follows froln the 
HSSnl1lpt.ioll t.hat finns face a variable l'iast.icit,y of d(~lnalld. TII(~ p1ll'illll<'1.1'1' ;:;'2 ('(;flccts 
thl~ Hssumption of finn-specific lahol'. 
Consider the 'PI-channel. The pcHameter.f1 is given by 'fI = 1J.f. wherp l' stands for 
thp net priee mark\ 1p defineo as Il = e( J\ _ l ' E( 1) for t,he demancl dast,icit.y of intermediatC' 
good j evaluilted at t.he stcad,v st,,:1tl" and f for the perl'<:nt change in t.he e!ast.icit.y of 
d('mand following él one p()rcenL change in t.he rdat.ive price of the good evaluat.ed at. 
t,llP steady st.at.e, A Dixit.-Stiglitz form of oemand (f = 0) implies 'fI = 0, sa inflation 
beconws more responsive t.o the l'l'al marginal cost. and less persist.(~nt., 
The S('COl1({ channel is relat(,cl to 'Pz. whidl is given by. 
).-B ] B - ( (l +ll',)~ )
f2 = (E(1)-1) [ (1 -1- a(A _ B))".' - 1 , A= (~).l-Q - (2 + TlIi + TIr,)(l - et) 
where JF is an inoicat·or funct.ion which takes a vaIlle of 1 if capital is hOlnogenous ilnd 
Illohilf' rlCroSS firms as in t.Jw benchlllark model, and a value of 0 if capital is fixed as in 
Shol'(lOllP (2002). for cxarnp1c, ï 
To better IlIH1crst.and how firrn-spl~cific labor lowers t.ll(' responsivl'IWSS of inflation t.o 
t hl' r<~al miHginnl ('ost (\11<1 illcH'Hses t.he persiskncf' of inflation, we 11Irll\(' the following 
simplif,Ving asslllllptions: cilpit.al is fixed (TF Cl). cffort is ('onst a Ilt (ri, ._--) D0 Hnel 
[] = fl), and (lelllrlnri is of the Dixit-Stiglitz forrn (f = Cl ), \Vit.h t.I1<'SI' silnplifications, 
t.he Phillips CurH' t'q\lation can be written as 
(1-3ç)(1-ç) , -1 
7f/=,ôEt 7ft+J+ ç (1+(P2) 1ner, (3.17) 
- \' « 1) - 1
'Not.icE' tha! ~ = --::("1')' where Y dellote~ t.hE' steaC!y-stat.E' level of out.put. 
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\Vhere 
Cousiner. for eXnmple, the case of an expansionary poliey shock. \Vit.il st,icky priees, t.lw 
policy SllOCk ('xcrb ail uflward pressure on rca! wages. so a firl1l COllt,culplat.cs raisillg 
its price \Vith or wit.hout. nnn's specifie labor. \i\'it.h finn-specific tabor, ct firlu's lahor 
c1emand dt>penc!s posit.ively on its own level of output.. In turu, a firm's Ollt.put dt'pends 
nega t.i vely ou its relative priee. The expansiollary policy shock genel'at.es a l'ise in t 1H' 
hrlll 's l'dative priee, putting a dowllward pressure ou the firrn 's out.put, labor ckmand 
and reRI wages. The c!ownwal'd pressure on l'ea! wages t.hus acts d.'i a COltnt.ervailing 
inf1.uence on the nnll's incE'nt.ive t,o raise its priee. 
The l't'cd back cff'cet l'rom rca.! wi'lges to priees, capt, mcc! by t hl' l'om posi I,e pn,ramekr 
f;. is the procluct ot' four factors. First, fo!!owing t.hc irwreasc in Hw firm's rclat,ive 
priee. the firm's levd ot' out.put f,,!ls hy éî fact.or of é(1). Tile hl'lll's laiJor dmllan(1 tlH:'n 
decreases hy (1'~1')' \i\ïth lahm df~maud falliug, thr real wages deciinc'. lowcring tIlt' 
finu's pri('c' h\' èl fad.or of (1- 0)-1. Tlw 10\\'('1' t,hc' clast.icity of lèlhor S11pply (i.c, thc 
hi~;ll<'r is l/h). or tlH:' ilight'l' t,hf' elast.icity of labor dcnmnd (i.e. t,he ltiglwl' is 1\). t.1lt' 
st.rongel' is t.he response of l'eal WH.ges ànd t.he larger is t.hf' firtll:s prie(~ adjllst.m(>llt. in 
l'('sponsc to t.lll' polic~.y shoc:k.8 
3.3.3 The Monetary Policy Rule 
The Fcderi"1.1 Rescrvu sets the short-term nominal interest rat.e in i1.(:cordélllcc wit.h 
the follü\'I!ing Ta ,V 101'- tYJw of ruk: 
rf = PTr'_1 + (1 - Pr) rp,, 7f t + p1jg~d + Cm.l· (3.18) 
where 7f1. '1.nd q/JI dellot.e devin tions of inf1.ation alld the growth l'R te of 0\ Itvut h'Olll 
their skady-state values. alld CII/,f is â zcro-mcall. serially Ul](·olTc!at.('d. ,1.llel normal1y 
dist.ributed innovat.ion \Vit.1l st.andard deviation am") 
~This çan hl' SE'('n more c1earlv hy comhining t.ll(' log-lineari7.crl lahor ci,'m;lI1ci ('filiation. (~) 1Iu + 
nU·,.1 = JIl,,,, + h, 1 alld tllE' log-linea.ri/.:erl l't'a.I rnargirml cos!. t'quat.ion. m.e", = (1 - ")11',.1 + {\r~' 
''l';rl'l'g ,11,,1 !'('vin (200:1). and Galî and Rabanill (200,1) abo sjwcifv 'l'm,loI' rllll~~ t.hal f<.~ut.uJ"(' the 
growth raf." of output, 
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3.4 Econometrie Procedures 
vVe t."kc " log-liIH'éll" "pproxillHüion of t.he lllodcl's (~CJujlibl'illm conditions arouncl 
th(~ determillist.i(' st.eftdv stlltt~. Thf' rf'sulting svst.em of linpar difff'rf'nct: l'qlliü.ions is 
solved \Ising the nwt.ho<\s out.lilled in Klein (2000). The syst.ern ean he wriUen in its 
st.at.e-spac(' fOl'lll as 
where XI is il vcctor of unobservahle st.a.t.e variables, êl+1 is a veet.or composf'd of t.lw five 
st.ructural shocks E:",I, Em,l' Ec,/o Eh.t, and Ei,f, and ':l is il vect·or of ohservable variables. 
Tlw dC\lwnt.s of matrices 11.12, and l;l are functiolls of the paralllcters of t.!w Illodcl. 
\V(~ estirnatc dH' sy::;tem llsing rnaxilllum likdihood mcthods ami qual'tcrly D.S. dat.a 
on four v8riahles: the growth l'Rte '01' rlPr eapita COllsulnptiorr. the growth rak of pel' 
capita invl'stnlC'llt, the rat.f' of illAatiolJ. (lnd the nominal interest rat.<'. Ld (-:-) be the 
vcet.or of paranl('ters that W(' srck to cst.il1lat.(\ and T the llumhcr of obscrvat.ions 011 
each va.ria hie. The Ga\lssian log likelihood fultct.ion L( 8) l'or the .Sillllpk {'~I} /~, can be 
cOllstructed }'(~cul'sively usiIlg the Kalman filter descri bec! by Hamil tOit (Hl94, chapt.er 
13). The likelihood funct.ion (if we ignore the constant terrn) can be written ns : 
wh<:'r<-' u( = ;.'( - E(':lh-l. Z(-2 .... z,). Et'LI'I;) '= ni i\.nd É(.) dcnot.es t.l1(-' linear projec­
t.ion operator. 
The benc!rnrnr!c model includl~s 26 parallletel's which arc relatcd t.o preference::;, t.cch­
n6logy, t.he shock processes, and rnonetary policy. They are s\lmnrarized hy ur 6, 7/11.. 
Xh, rlc~, Xe, 11, S"(fa), n, <P, fil' PT; PT.' Py, Pc, Ph, Pi, r, dl), f, ç, ae, ah, 0';.: O'(), am}' 
Sorne pararnct.ers are calibrated priol' ta estimation. The paramet.er (\ takes a va.lue of 
0.025. illlplying an annllalized rate of capital ùepreciation of 10 percent. The slLare of 
phvsic<11 u\]lit.al into the prodllction of int.ermediat.e goods Ct is (J.:36. The st(·~ady-st(\t.e 
valllCs of tl!l' llolllinal jntt'n'st nlt.e and (" dderrnining the stl'ady-::;t.at.e growth rate of 
IJllt,pUt me clloscn t.o rnntch t.11{' U.8. data for oU!' Sil 111 pJ<.. Tlwse values abo inlply 
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(J = 0.9935. l'la' w1.1uE' of Xh in t.he utility fUllchon is such that the fract.ioll of time 
dcvot.ed to work iu t.lw st.cady st.at.e is 0.30, whilc that assigllcd ta Xe irnplies c) value 
of effort of OlW ill the stenoy stat.e. Sincc w(' cannat sirnl.l1t.ancously cst,imat.c é,. E(l), 
t. nnd r, we assign to the stendy-stcüe demolld eluslicity of gaod /, dl), 0 benchmark 
value af 10, implyi llg that tht~ gross priee markup is Il [)(-)rcent.. The benclmmrk val ue 
for f is <tisa 10. which is consistent \vit.h the syrnrnctric t.rc1.nslog specification of Dergill 
and Fccnstn) (2000). 
3.4.1 Data 
Our Srllllp!C' of data l'uns l'rom 19c18:1 to 200o:1I. IO n(';JI cOllsurnpt.ioll is rneasun'd b,Y 
the SUIll of rt)al personal conslllllpt.ion expcndit.ures 011 l1011dlll'able gonds and st'rvices. 
Illvest,lllent is the SIlI11 of l'CHI IWrSOll<1! cOllsllnlptioll c·'xpcndit.Ill'C's 011 durable goods and 
fixcd privatc invest,llH'llt. The nominal int.crest rate is t,he Thrce-~[onth Trcaslll'Y DilI 
rat.e. The priee inuex is the priee deHat.or of out.put in the nonfann business sector. 
The cOllsumption and investment series are oivided by the civilian noninst.itutional 
population 16 yeurs a11d over. 
3.5 Empirica! Rcsults 
3,5.1 Maximum Likelihood Estimates 
The cst,ilmlt.('S of the structura] pmmncters of tlw l>ellchrnark 11lOti('] ['or t,jw p('riod 
194b:I t.o 2()06:II <He l't'parted in Tnhie 3.2. The paral1let.ers of t.llt' IWllclllllark model 
are estimatec! precisely. The point. estimat.e of b the coeff]C'ient of habit. formation for 
consumption is 0.57. The point estin1i:Jte of l/T//> in the lltiiit,y function is 0.84, while 
that of l/r/" is 0.14. TI1('sC estirnates imply all dasticity of labor sllpply of 0.9. The point 
est.imnt.e of S"(fa ) determining the degree of investmf'IJt. a.djust.ll1ellt cost.s is 2.75, lying 
\Vit.hill t,he rangf' of parallld.er values oiJt.ained by Christiallo, Eichenhanm a.nd Evans 
(2005). The int.('rest-rat.(' slll()üthing pal(:lllll'kr (l,. is 0.75, cOllsisknt \vith t.he evic!<'lIc(' 
in Clarida. Cali and Gertlc>r POOO). The parameter (in lI1easuring t,he Fpcl's response ta 
c1eviat.ioliS of inflatioll t'rom ik; st.early-st,ate value is 1.5:3. closf' t.o t.lw value advocat.~~d 
'OThe data. huve b<'en obtaim,c1 from tiJe Haver Amdytics P~c()nomics Dat"hase. 
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iJY Taylor (1<J0:n which is Li. The coefficient Pl) c1t'tel'lllining the Ff'(j'S l'esponse to 
deviat.ions of' ollt.pnt. gro",.. t.h from it.s steady-stat.c vaIlle is l'c1atiV<'ly small at. 0.15. 
Tuming OUI' nttcnt.ion to t.lw shock-gcrwrating proœsscs. wc' find t.hat. t.lw sllock wit.1l 
the higl1f'st AR(l) est.illlat.ed coeffieient is the shoek Lo the marginal &mtility of homs 
with 0.8832, followen by the investment.-sper.ifie shor.k wit.h Q.7D78, and by the shock t.o 
the nlilrginal lLt.ility of consullIptioll with 05696. The shock to t.he lllal'gina! dislLtility 
of hours has the largcst. estimated stanciard error at 0.0726, followed by the' invest.rncllt.­
specific shock nt O.OJ:.J;3. t.he shock to the Illarginallltility of COllsllrrtpt.ion <-1 t, 0.0122. t.he 
tCc!lrlo!ogy s!lock at OG115. HI Id tlH' policv shock at 0002.'). 
'l'Il<' point ('stirnatc of' r nleasnring thc s('llsitivity of inAntioll to thc l'<'al marginal 
cost is 0.0432. Civell t.his estimate: t.he Calvo-probabilit.v of priee nOIl-l'(!optimization ~ 
can he l'ecowred hy assigni ng val ues to E( l) and f. Tahle 3.3 reporU:; f~st,ill1a t.('S of ç and 
the average arnount. of timc bctwl'('n pric(' l'coptimization for r = 0.0432 .. s( 1) = HL and 
~l1t('l'll<\t,iV<' valucs of (-. VV'f' ('onsil it'l' the cases of hOrrtOg('lIl'OIlS <Lllc! tirrn-sp(·'cifie labor. 
Tlw"l" vari,tllt" of the lwnchm<\rk lllodel are aIl ohservationallv cqlliv(·llent. with resp('ct 
to the c1at.il. 
As in Eid)('nballlll and FislH'r (200ï), wc ('onsid(~r tlln'(' diH'er'('111 \,1-\11)('s of f O. 10 
<lnci 3:1. Assllmillp; f = 0 corresponds t.o a constant eiast.icitv of cif:'lllHnd. whilr> assllming 
f = 10 or :n il11plies il variable elasticity of demand and E'neompasses the calibration 
in Dot.sey and I<ing (2005). With finn-specifie labor, iWei E(l) and f th<1t ho th take a 
value of 10, finns reoptimize priees once every 2.65 quarters on average. \Vith f = 33, 
priees arc reopt.imized once every 2.29 quarters. \-Vith a eonst.ant elast,icit..y of delllrlnd. 
the fn'qlH'llcy of priee rcoptilnizat-ion increases to alrnost onc(' ('ver.y t.hr('(' qmtrt.ers. 
Relnxillg t.he assllrnpt.ion of firrn-s~)('cifie Ir1bor has il signifieant. irllpa('\ on the HV<'mge 
arnount of tin1l' i)('tw(·'cn pri(,f~ l'f'opt.il1lization. 'V"ith hOIllOgf:'llt'Oll" labor and (- = 1(1. 
firllls reopt.imize priees once every :U\K qlli1.rters on i-tveragc. Wherf:'ilS with ( = 3:3. the 
frcql)(,IlCY of priee rcoptilllizat.ion d('(')'('H.s('S to OTlCl' ('vcry 2.79 qllal't('rs. \Vit.h f = 0, 
the avernge arnollnt of t,ill1P betwecll priee reoptirnizat.ion incrcàses t.o 5.4 qumters. 
These findings an' consist.ent wit.h t.hosE' of other researehers. Wit.h finn-specifie 
capital. a lahor' sha]'(~ of ~. fi 10 percent lIIark\1p. a 10 percent aTlll\1ai c1cprceiation rat.c 
8:3 
and an invest.nwnt. adjllst,llH:,nt.-cost. paranwt.er of :3,0, Eiclwnha\lm cllld Fisher (2007) 
report. t,llilt the awrnge jength of t.ime hetween price reopt.iltlization is 3.6, 3.3 and 2.9 
C]unrters for ( = 0,,10 and 3:3., respertive!:v. Altig ct 81. (2005) find that for plausible 
Inarkllp vaines, t,l10' average dmRtioll hetween priee rf'optimizat.ion is 2.2~)-:1.:) quarters. 
\\le coIH'l\lde thill, for givé'n values of =:(1) and (, accountiug fOl' finn-specifie la­
bor indllc('s a relativel.\' large inc!'eHse in the freC]uency of price rc'optimization. Fur­
l,herrtlo1'(', \vit,h or without finn-specifie labor., an increas(' in ( a1so leads to a highl'l' 
Calvo-prohahility of priel" reopt,imization for a. given value of t.he priee lllarkup. 
Finally. as sho\Vn by the first. two columns in Table 3.4. t.he volat.ilities of out.­
put growth and infintion, and the correlation bctwccn thcs(' variables predict.cd by the 
benchmark model closely match those fOlll1cl in the data. 
3.5.2 Vectar Autacorrelations 
Following ~'\lhrer ,\Ild \1oore (E)C)5) ,mll Irelancl (200l. 200:3). wc compare the vec­
tOI' a Il t,oeorrelation fi 1I1ct ion from an est.imatpcl vertor autoregression wi th that obt,ai lled 
frorn t.he ]wnchllliHk nlOdel. \\'e cst,i mate an unconsl.rained fomt,h-order vector auton;­
gression which inc:ludes t,he follO\ving variables: the growth rate of pel' capita output, 
the ri1te of chemge of [Jer capita hours workerl and t.he rate of infbt.ion, First, we per­
form cl Phillips-PeITon (1988) test. for the presence of R \lnit, mot in lwr celpita homs 
and inflat.ion (not report,ed). The null hypot,llCsis of il unit, root, in pel' cilpitil hums is 
not, rej(;ctec1 at t!le .) percent level. whereas tlHl.t of a unit, root, in t,!le rate of inflation is 
lt'jl'ct.t'd at the.) percent levpl. 
Figure 3.2 displays t.he aut.ocorrclation funct.ions l'rom t.he V('ct.or clUtoregression 
clllc! t,lw bellchrnnrk lllodel. The diagonal clement.s arc the univariat.e 8utocorrelatioll 
functions for inflation, the rate of change of pel' capita hours and t.he growth rate of pel' 
capi t il ont.pn t, \vhile t11(' off-diilgonal (~lcmcllt.s arc the lilggcc1 cross corrc!iüions bc.twœn 
t.hese variables. ln the dat,a, infint,ion is highly persist.ent., l~xhibiting posit,ivc seriaI 
corre1<-lt.ion (l.t short. and mediulll horizons. The growt,lt rates of outpnt and pel' capit.a 
ltoms nr(' positively serially correlated at a short horizon of one and two quarters. The 
benchmmk rnodd correct!.y predict.s t.hat. inflat.ioll is more persistent thall t.he growtlt 
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rates of out.put. and hours. Also, despit.e our deliberat.e omission of any indexing scherne 
rclating ClIIT(~nt t.() pilst inflation, the hellchmark mode! produces a significant arnount. 
of nominal pric(' incrt.i'·l. Dy predicting tllat. t.he growth rat.es of out.put. and hours MC 
posit.ively serially conelate(L the henchmark model meets t.he challenge of producing 
pin lisible husi npss-cyc1<~ d.vnarnics. The eviclence in Coglcy and :..rason (1995) shows tha t 
i\ large c!ass of bllsincs."> c.vc!c lllodds faib to tlccount. fol' out.put. dynalllics, gCllcnLting 
only w0ak cn<!ogenous busincss-cyr.le propagation. 
Abo, note from the off-diagonal ele1l1t~nts in the vcetor allt()n~gression that the onl\' 
ddini te pat. tcm in the laggecl cross corrc1ations is that 1)('t.\\Ic('n t.lle growt.h l'a t.es of 
output. and hOllrs. The bcncll1narl< modc! do('s Cjllit.(, wcll rrmtching tll(' lnggcd cross 
correlat.ions bet\H'ell the viniables. 
3.5.3 Impulse-Response Functions 
Figures :3.:3 to :3 7 display t.he impl lise responses of severnl variables fol!owing each 
type of shockaccürJing t.o the benchmark mode!. Figure .3':3 sumnHuizes th\" effect.s of 
a positive one percent t.echnology shock. The bcnchrnark mode! gell(~nlt.es il gradun!. 
permanent. risc in out.put. invest.lllent and consulllption, consistent. wit.li the evidencc 
reporteci by Francis and R.amey (2005a.). Hours a.nd (O'ffort dec!in(" in th\" short 1'1111 and 
t.hen rise in the ll1edi\1l111·\ltl. The .short.-rnn fal! in hours is consistpnt. wit·.h the (~viden(:(; ill 
Cali (lD99). Francis and Ralllc)" (20051\) ,\nd Fefllalt! (2007). JI TIl<: preclictioll of a sliOl't­
rl\n declitlf' in ho\ll's which is followe<i by an in<:reFlse in tht~ rnedilllll l'1In is consist.cnt. \Vith 
the (~mJlirical ('\'idcl\ce offered by BaSIl. Fernald alld Kimball (2006). Th0 faetors which 
C1fC mainly rcsponsiblc for tlH' short-nlll dodincs in hOl\fs and dfort Hf(' the sticky priees 
(e.g., Galf, 1999). habit persistencc and the invt~stnwnt adjnstmcllt co:;ts (e.g., Francis 
and Rame,\'. 2005a). Priees cio not decrease as n1llch fo!lowing il t.('c1l1lo!ogy inlprovCl11ent 
with Calvo-contracts than without. them. restrilining the stin1nliüive impact of the fall 
in priees Oll aggregat.<' dcrnand. Both habit persistcnec and t.he illvest.rncnt. adjustnwnt 
('osts dampen tlie short-rnn inerease in aggrega.t.e ciemand following a rise in wealth. 
Overall, the increase in aggregate demand is not sufficiently strong ta keep up with the 
1IIIowevC'J'. it ih 01 uricb with the ('viclcnce in Christi~\.llO. Eiehcnbilulll and Vi/2;fusson (200·1) hnvinp; 
t liai !JOllrS ris<' fullo\\'ing " tpcilTloiogv irnprovprnent.. 
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in(']"('ase in productivity, so homs and effort have to fal!, at lea..,t. in the short 1'1111. 
It. is worth noticing t\wt. t.he lX'nchrnark model is able t.o procluce a short-rull decline 
in ho1l1's dcspite t.he reillist.ic trestnwnt. of monctary policy. Dotsey (1000) argues t.hat. 
Calf's (10D')) cont.ent.ion t.hat hours fa 11 followi ng a t.echnology irnprovPIllent. may reHeet 
his ilssurnption t.hat the gross growth rate of money sllpply \veaklv respontls t.o tlle 
tcchnology shock. He shows t.llUt wit.h Cl Taylor-type of l'ule, houre; workcd rnay actually 
risc when t.cchnology improve::;. ~ote t.hat the benchrnark 1lI0dcl èlbo predict.s t.llat 
t.he real wages gratlnally rise t,owards t.!leir new steady-state level, a nnding whidl is 
consistent with the elllpirical evidence in Liu and PI1811euf (2007). 
Figur0 :~ ..:J sn III III arÎ7PS t.he l'frects of an cxpansionary poliey shock rrwosl!rcd as a 
negat.iVl' one jlPr<'ent. shock to Hw nominal interest. ntf.e. The responses of out.pnt, 
('onsllmpt.ion. investlllt'ilt. [lOms and effort all exhibit typical hUl11p-shappcl pat.t.erns. 
:\ot0. howcver. that th() dfc'cts of a poliey shock on outpnt, hOl!rs. consumption and 
investment arc rciativ(~ly rnoc1cst. The policy shock is also foliowc(l by a rIlodcst. ris(' in 
inHat.ion and i'1 temporary increase in real wages. 
Figl11'(' 3.5 sl]()\\,s thnt. ill l'(~SpOrlS(' to il posit.iv(' on(' percC'llt shock t.() t.ll(' rnargillrli 
\ltilit:v' of cOJls\lrnpt.ion. ont.put and consunlption both rise ternpomrily, whil,' invest.rrwnt 
falls. Bax(.er and King (1991) and Cooper and .)ol1ri (1997) report. similar e!T(>cls. HOllfs, 
effort. anel t.he real wages also rise. InAa.tioll and t·he nomina.l int.erest rate weakly 
Increase. 
Figure 3.G clispl,\ys t.he impulse respulls('S t.o Cl positive Olle perccnt shock t·o t.he 
marginal clisutility of hOllrs worked. Output. homs, consumption c)lld illvcstment. ail 
illcreasc sharply. and dispJay pronoullccd hump-shapecl rcspOllses. "Vith t.he surgc in 
homs, cH'ort falls. \Vhik~ \abor suppl.y incl'<'as(;s. Hw l'<~al wages fall. As a rcsult, bot.h 
inHat.ion and t.he llorninfll int.pn'st. mt·p, decline. 
Last.Jy. Fig1ll'e :3.7 shows thrü following a positiVt' on(" percent investment.-specific 
shock, output, inv('stllwnt., hOllfS and dfort. ail significiilltl.v risc in a. h!\lnp-shap<,d fash­
ion. After dcclining dlll'illg <1 few pcriods, consulllptioll rises for several pcriods. TIl(' 
l't'il 1 wages, inHat.ioll <Incl t.he nOlllinRI illterest rat.p a1l rise. 
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3.5.4 Variance Decompositions 
\Vhat llilVC been the main SOUITCS of t.lll' cyclical variaIIC(' of output.. hours and 
inflat.ion dlll"ing t.lIe post.war period? Table 3.5 report.s t.he resldt.s of a variancE' de­
(,()l1lposition of the forcca.st ('!Tors of 01ltpllt. hOllrs worl(('d, illld inHat.ion for difkn'Ilt 
fon'cast llOril\ons predicted by the benchrnark lllode!. First, t.lle shock t.o thc rnargi Il il 1 
(1isut,ility of 110IlrS is the kev SO\ll'ce 0[' 01ltput Huct.uat.ions at clll horizon of on(~ t·o t-welve 
qllarters. explnining l'rom 43 t·o 55 percent of its vari(1,n('.(~ at t.l1C's(·~ horizons. Using vector 
autoregrcssion lllode]s. Shapiro and \Vatson (1988) find silllilm PC'IT('llt,tgns. Invest,rnent.­
specifie SllOCks c)xp]ain hctw(~en 22 and 32 pen:c'Iit uf t.he vari;)ll(:(' of out.put at the salllP 
horizons, while technology shocks explain less than 20 percent. The relat,ivdy small 
contrihution of neutral t.echno!ogy shocks is consist.ent wit,h the eviclenee in Gali (1<)00). 
Christ,iano. EiclwnbHlIIn ilnd Vigfussoll (20lH) and Fisher (200G). The shocks t.o the 
marginal lltility of consumptiou and monet.ary poliey f('lOd only a small percpntage 0[' 
the v<Hia,nce of out.put.. 
Th<' variance of hOllrs worked is most.ly driven by t.jw ;;huck t.o t.he llIarginal disutility 
of homs \Vit.h 73 ])en·('I1t. or nlOn' at. 011 hOl'iwn:;. This Icaves abOlit. 13 percent t,o 
investlllent-spcx:ific shocks n.t bllsiness-cvclc' freqllenci(~s. and rrlal,iwly little t.o other 
sl1ocks. 
The shock to the nlarginal di"1Iti]jtv oF homs explains G2 percc'nt. 0[' the one-quarter 
ahefld forE'cast varianœ of inAat,ion and 44 percC'llt of its variahility at clll horiwn of 
fOllrty quarters. Inve::;t.l1lent-specific sbocks contribute bet-ween 24 and 40 percent of tilt' 
variabilit.y of inAal.ioll at the :;aTlle horiwns. I\Jonctary polic)' shocks explain about 11 
pcrcPl1t of t.he variancc of inflat.ion al. all horiwns. 
These finclings th1ls suggest that. the shock to t,hE' marginal disllt.ility of hours is 
the key disturbancl' dE'terrnining output Auctuat.ions anrl infJat.ion duriug t.he post.war 
pcriod. followed hy invcstrn<·~nt,-specific shock. 
3.6 From the Great Inflation to the Great Moderation 
Doc:; t.hc' bcnchrnark rnockl account for the large declincs in the volatilities of output. 
gruwth and inflat.ion Hwt have' beell obs'erved during the Grcat. I\loderatiol1'l 1'0 answcr 
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t.his qllestion. Wl~ reestimate the benchmark lnodel for t.he suhpl-~riods 1D48:I t.o 1979:II 
and 1984:I ta 200G:II. The result.s are presented in Table 3.2. 
3,6,1 Estimation Results 
The last. colllrnn of Table 3.2 reports t.he Andrews and Fair's (1988) 'Wald stat.is­
t.ics allowing for a stability t.est of the structurnl parmncters of t.Il<' mode! over tlw twu 
sllhrwriods. The st.clhilit.y tpsts iIldicilJe that t.hen' have ]lf'ell sorne stat.ist.ically signif­
iCil,nt. changes in structural paral1let.ers l'rom the first. t.o the second sllbpcriod. The 
codficieIlt or hahit format.ion b has dcclined during t.ll(' sec'O[H] subpcriod. \f,:hik t.ll(' pa­
](1ll1der 81/((0) <\et.erlllining Hw degrce of invcst.ll1ellt adjust.nwnt. ("Ost.s has nmrgilwlly 
incrE'ased. 
The sta.ll(\"r<\ nrors of ail st.rlIct.llral shocks haVI' l'allen cOllsidCl'nbk dming the Great 
l\Ioderat.ion. \10reover. tlll' dœlincs in the standard enors of shocks to tlw lnnrginal 
Ilt.ility of cOllslImpt.ioll. t.he ll1a.rgillal dislltility of holl1's, invest.nJent. and Illonet.ary policy 
are st.cüistically significant. The investment-specific shoek has bccn 36 percellt. less 
volatile after Hl84 , followecl by the technology shock and the shock 1.0 the I11mginal 
disutility of hours \Vith 33 pl'~rcent, the shock t.u t.he Illélrginalut.ilit..v of consumption with 
:30 petTPllt, and the puliey shock \Vith 2G percent. Changes in the AR(l) coefficiellts 
of the e;tOdlrlstic procee;ses genel'at.ing the shocks 1.0 consuillption, invt~stment. and the 
marginal disutility of houre; arc not· e;t.atist.ically significi:1llt èlt. a cOllV('ntional confidr.ncc 
Our estimates also say t.hat. t.he Federal Reserve ltas heell mon' aggressive flght.illg 
inflation aft.er 1984. wit.h prr increasing l'rom 1.31 dming the Gn~at Inflation 1.0 1.74 
durillg the Great \Ioc!cmt.ion (sec a.!so Clarida. Gali and Gertkr. 20(0). Ho\Vcver. 
we find 110 E'videne!:' of a st.Htistically signiticant. chil,nge in thl' Fecls reaction 1.0 the 
Olltpllt gR]>. TI)('sr. n:snlt.>; arc' cliffcn~nt. l'rom t.hosr. of SlIlds ancl \Vollt.('rs (2007) who 
fine! t.hat. thl~ FlX1S readioll tu inflation has nul. changcd sigllificéllltly e!uring t.lw Gr(~at 
Moderation. '.vhile its response 1.0 the output gap did. We aiso fincl that t.he illt.erest.-rat.e 
smoot.hing coefficient has marginally clecrea.'>l~d durillg the second S11 bpel'iocl. 
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The point l'stimate of r dett-:rmining the rrsponsiwness of infhtt.ion tn the real 
llIarginal l'ost is 0,0579 clming the Great Infl~ltion and 0,0341 during t.hc Great 1\lod­
crntion, Table :3,3 report,s thc frequcllcy of priee reoptirniza.t.ioll corr<~sponding t,o t,hese 
est imales, \Vit h r = (l.0579, t.he henchlllark model implies i'tn average éll1lOllnt of t.ime 
bet,weE'n priee reoptimization of 2,32 quart.ers wit.h E = 10 and 2,()4 qllarters wit.h ( = 33, 
III ('Illllparison, the bl'ncl1l11ark mOlkl predict.s a freCjllcncy of priee rcoptilllizat,ion dur­
ing the Great \locicration of once l'very 2,93 quarters with f = 10 and 2,51 qllnrkrs 
wit,h f = 3:~, Hl:'nœ, t,he average lengt,h of t.ime bet.\.yeen price reoptimization has slight,ly 
in(Tcased frOln t.hl' Great Inflation t,o t.he Great \'loderat.ion, \~'()1'king in 1Ill' COlltcxt 
of n DSGE rnockl wit,hout factor finn-spccificit.y. Slnets and Wou(,crs (2007) find t,hat 
the Cnlvo-prohahilit,y of price non-reoptimization has increasl'd l'rom 0,35 dming t,he 
Great, Inflat.ion t,(j (),7:~ dl1l'illg thr Great. 1\loderation, Assllming firnl-sprcific capiti'll, 
Eichcn1>,llnll and Fishcr (2007) l'l'port, that the frequcncy of pricl' r<~opt,il1lizati()n has 
slighth' in('l'('élScd ,d'tl~r 1082:I1I. 
Tahle :J,-1 compares the st,andMd (kviations of output growth nnd inflation and t,hl' 
('l)lTciat.ion bct,wl'l'n these wlriablcs in the' benchrnnrk nlOdcl ,md in t,Ill' data dlll'ing cadi 
subperiod. TIll' benchrnark nlodel accounts very wcll fol' t.he sCVl'rity of tl\(' dcciines in 
t,lw volatilities of output growt.h a.nd inflation from the Grei'tt InAa.tion t,o t,ht~ Great 
i'v[odera.tion, While the data tell that the volatility of outpnt growth has dccreased by 
55 pl'l'Cent, the nlOlkl prcdicts a drop of 43 percent. i\lso, thc variability of inflation has 
f,dll'n by G5 percent" cOlllparce! to a declinl' of 56 percent predictcd by the benchrnark 
mode!. Finally. the benc!llllark 1l1Odel correct.lv predicts that. the correlat.ion bet,ween 
output gnfwth and inflat.ion has bl~conll' inerl'asingl,Y llcgative from tlw first t,o the 
second subpl'l'iod, 
3.6.2 What Are the Sources of the Great Moderation? 
\Vhat arc th(~ sourc('s of the la.rgl' !'('duetions in the volatilitics of output, gl'Owth and 
inflat,ion'1 'vVe try to ans\\'cr this question by perfolïning SOll1l' counterfaet,ual experi­
llll'nts, \Ye partit.ion the rnodel's structural pcll'anlet.ers into tlnel-' s\lbsets of pa.rHmeters, 
G 1 rl'groups the pa!'arnet,l'r;; pl'rt,aining t,o t,hl' behavior of the privat,e Sl'ctor and b thus 
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of'scrihed by CI = {fj, b.1/r/l" 1/1),. 5"(f n ). r}. C2 is composed of the pnrnillet.ers df'­
scrihing the systernatic portion of the t'C(rs poliey rule and is given hy C'2 = {(i"~ fi",· (Jq}. 
C;\ ind1Hks the An(l) panl.nH't.crs Hnd the st.3ndard errors of t.h(, struetUl'ill shocks, so 
G';\ = {p,.Ph,pi,ac.o".ai.a",a,l1} . D(,'not(~ hy CACI). Ç,(G2). and (\((;;1)' resp(~c­
t.ivply. thf' contributions of CI' C 2 , and G;l to t.llt' change in t.\H' volati!it.y of vrll'iahle of 
intcl'cst. .1; dll1'ing the Great l\Ioderation, whcrc .7: = {output gl'owt.ll. inHation}. Tllese 
contributions l'an be rncasunxl by (sce also Ledue and Sill. 2007): 
(C 79 C7U (79) (CK4 C 79 C7'))C (C ) = a" JI' .> 2 . , ;3 - a.y .> l ' .. 2 ' > :j 
, JI (C79 C7U C7!)) (CS.1 G8:1 C8'1)
a:l' '1' 2' :1 - a.r 1" 2 ' >;l 
a (G 84 G7'0 G!~J) _ a .. (G~;cI G84 C/9)C (C ) .T l' 2·:.l .J. l' 2' .3 
.e '2 = (G79 C7U G79) _ (G84 CS.:I CS'1)
a.T l' 2';1 a J' l' '2' :.1 
(G 84 G84 Cl!!) (C 84 G84 G84)C (C ) - a.y :1' '2. T J - a.>: l' '2' ;3 
.e .l - (C79 C7!! C7!)) _ (Ci,H CS,., C8'1)
a.e JI' '2. J;l a cr l' J'2' ;1 
Hnc, the tel'ln a r (C7·1. cr\ Cr)) meilSUH,S tht, stanrlard deviat,ion of or prcdict.ed hy 
the bcnr.!mwrk lllodcl during thc sccond suilpcriod would t.lll' propcrties of t,he shoek­
gcncra.t.ing pwccsscs and tlH~ polie)' l'Ille have l'crnained t.ilC smne as Hw,\' w('rc during 
the first su hpf'riod. Henœ. C). (C1) llleasurE's the perc.entitg(" of t.11f' variation in the 
stalloard c!eviation of t,he variable .1: explained hy the change in the behavior of tlle 
priva.t.c sector G l . The denorninator, whicll is cornrnon t.o ail thrcc rne'L.,;urcs, denotl's 
tlH' overall chrtnge in t.llP voln.tility of:r. A simiiar reasoning i).pplit~s t.() t.he ot.her sources 
of t-.llP variation in t.l10 st.andmd <1~~viation of.r.. 
The rl'snlt.s of thcsc eOllllt.t'd·{tct.ual cxpcrirr1('nt..s ,11'(' prcsentt'r! in Table 3.6. Looking 
at. the l'Cil! sidc of the Gl'(~at Moderation. we fint1 t.hnt srnallcr sll()cks cont.rihllte to almost, 
85 percent of the decline in t.he volatility of output. growth, lerwing only 15 pprcent t.o he 
explained b.v changes in the hehavior of the private sect.or and monetary policy. Table 
3.7 shows that smaller la bor-supply shoeks explain 50 perc<:'nt of the c1ec1ine in out.put 
fluct.uations. followerl by smaller investment.-specifie sbocl<s with 22 pel'œnt.. 
Looking at. Ure nominal side of the Great. \'1oriel'at.ioll. Wf'. find t.hat. smaller shocks 
explain only one thirr\ of the declinc in t.1w volatility of inflation, 1caving 325 anù 34.3 
percent. rt's[)('ct.ive1y, to changes in the hchavior of the privat,(' s(~ct.or ami rnOl1f't,ary 
polie\'. 
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3.6.3 Related Literature 
Ho\\' do our findings about the' sources of the Great, ~IodcraJion relate t,o thc cxisting 
literature? Oth~~r researchers, including Stock and \N,üson (2003), Sims and Zha (2006), 
Smets and "'Vouters (2007), Aria::; et, al (2007) and Lennc ann Sill (2007). aiso find that 
thc decline in the volat.ility of out.put. growth after 1984 has rcsult.ed lllostly from srnaller 
shocks. 1\'1ost papers. 11Owever. do not ident,ify t.he shocks t.hat contrihute nlost t·o the 
inneased st.al)ilit.y in out,put flilCtnations. 
Srnet.s and \-\Tollters (2007) lise a DSGE lllo(ki fc;ül1l'illg IlOllllllfl! rigidities. l'cal 
frict.iolls and a variabl!' c!ast.icit.,v of <!<'lllèllHI, but. withollt. factor firrn-sp<'cificity. Th<' 
lwuclHnnrk model llrtderprenicts the vo!at.ility of out.pllt. growth h\' 7.2 l)('rr('11t dming 
t.he Great. InHa.tion è\llc! oVf'rpredicts it. by 17.~1 pf'rrent. during t.I1(' Cn'ilt. \ [oc!erat.ion. 
In ('omparison. the model in Smet.s and Woutcrs (2007) overprcdi('ts t.he vo!at.ilit.y of 
output growth by 1U) percent. during the former suhperiod and hy 23.7 percent during 
t.he Inter subperiocl. Also. the benchmal'k model overpl'edict.s the val'iability of inflation 
by only 2.5 percellt during the Great Inflation and by 29.6 percent c!uring t,he Great. 
l\Iodel'atÏon. whilc Smets and Woutel's' (2007) mode! ovcrpredicts it by 47.2 percent. 
during the first subperiod and by 36 percent. during t.he second subperiod. 
The papers bv Arias et aL (2007) and Leduc a.ncl Sill (2007) ident.ify slllaller TFP 
SllOCks as t.1H' nwin SOlll'ce of t.ll(' <1ec1ine in l'cal outpnt. volatilit.v. Arias d. aL (2007) 
lise Cl re(\1 1JusilH'SS cyl'!e model kat. mi !JI,'; viU'iahlc capaci ty ul.i li'4at iOll, varia hk clrorl 
cmd indivisible litbor along the lines of Buntside and Eichenbaulll (L!J%) t.o stlldv t.he 
sources of the dec!ine in the vo!at.ility of output. growth. Yet .. they make no attempt, t,o 
also explain the large dmp in the volatility of inflation. Dut .. it is well known that l'cal 
business lllonels grossIv overst.ate the variability of inflation in rrsponse to TFP shocks 
bec(luse in t!l<N' Illodels priees aH-\ [)erfect,ly flexible (see Lit; and Phaneill', 2007). 
Leduc and Sil! (2007) dcvdoIJ H st.icky-pricc mode! with an e!Jergy sector and firrns 
fncing il Cj1J(j(Jrat.ic price-acl.iust.l1lent cost,. The volat.ility of infl<J.tion in t.lw data is 0.6 
times larger thè\,n that predicted by their lllocleL 
al
 
3.7 Conclusion 
Hall (1997) fOf(:efully argu('~ t.hat the ernphasi~ on technology shocl<s in business 
cycle th('ory ma." llaw been mispla.cecl. He offen; evioence consist.ent with Shapiro 
ann vVatson's (1988) finding that, shift.s iu labor supply have been a key driving force 
olt. business-cycle frequencies during the postwar pcriod. This chapt,cr proviclcs new 
f'vinenee of t,lIE' pot.ent.ial itnportnnce of labor sllpply shocks hy showing t.lmt t.lw.v have 
l)t'en t,hf' main S(>1lrce of the ];:Hge decliup in t.he volat,ilit.y of real Ollt.pllt growt.h cluring 
t.he Great f\!o<i('ratioll. How('wr, we a1so nn<i that t,hl' large drop ill HI<' vHl'iai>ility of 
inflat.ion is alrnost ('v('Idy explained by dl<tngcs in the bchavior of t.h(' privat.l' sC'ctOI'. a 
less aecomrnodative IllollPt.ary poliey and smaller shocks. 
TIIP DSG E framework llsed for t.he pllrpose of 0111' empirical investigat.ion is bllilt on 
the pWlllises that. price-setting firrns face a variable elast.icity of clcmand an(1 that labor 
is finn-specifie. These nsslll1lpt.ions hclp resolvp the conRieting [liet,lnes bet.wppn t.he 
mieroeconolllie ('vjc!f'Il('f' inclicat.ing that nnlls rpoptirniï,e priel's Cjllit.(·' frc'Cjllent.ly wit,h 
the (~vidc~nC(' fronl ilggn'gat.c tilll(' series t.hr\.t. inRat.ion is qnit,c' pc'rsistclll., 
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Table 3.1: Summary Statistics about Output Growth
 
and Inflation
 
1948:I-2006:II 1948:I-1D79:Il 19~·U-2006:rr 
Output growth 0.0130 0.01 ::>3 O.OOW 
IllHntioll 0.0009 O.007S 0.0027 
(;()rr( 6.YI. 7\1) -0.2070 -O. Hi72 -0.3104 
9:3 
Table 3.2: Maximum Likelihood Estimates (Benchmark Model) 
10'-l8:I-2006:II 1948:I-1979:1I 1984:1-2006:1I 
Prll'AJlleter t:sti mate S.E Estimilt.e S.E Estimate SE W statistic 
b 0.371:3 n.0012 0.5938 0.0104 0.5598 n.0010 10.6521*** 
1Ir/il 0.8406 0.0010 08204 0.213:3 0.8618 0.0119 0.0377 
1/TJe 0.1484 0.0081 0.1229 0.0887 0.1551 00018 0.1315 
S"(f(/ ) 2.7520 0.0192 2.6416 O. ()O~)2 :3.1 ti2l 0.2882 J2,,)8j* 
P,. 0.7.'3-12 0.02:3-1 () 7861 O.02GO 07-13:3 o 0001 2.727'1)* 
P." l..j205 0.1337 1314:3 0.0079 1.7401 0.1595 7.1105*** 
Py 0.1:J Il 0.Oti.j2 Cl 1739 (J.OGll 0.1..J28 0.0732 0.1060 
fi, O..5GDti 0.0461 05903 0.0068 0.,,)477 0.1530 O.C177:3 
Pli 0.8832 0.0198 09090 0.Dl0l 0.8621 O.O2'-l0 3.2368* 
Pi 0.7918 0.0336 0.7536 0.0709 0.7738 0.0109 0.0789 
r 0.0132 0.0125 OOS79 o OOO!l O.OJ'll O.U05S 18.:12(j(j*** 
(JI/. 0.0115 0.0027 0.0128 0.00:39 0.0086 0.0038 0.G016 
fi III 0.0025 0.0002 00020 0.0002 0.0015 0.0001 ..1.6748** 
(J, 00122 0.0010 0.0134 D.OO12 D.0004 O.OOU 4.7707** 
(JiI 0.0726 O.OI1S 0.07:33 U0104 0.0488 U.U038 4.8841** 
(Ji O.m4:~ o.oo:m O.O:nl (1.0040 f) ons 0.0012 9.9570*** 
Nore: S. E d('~lIot('s t he si HlIdard (!PVi,1 tion. *. **. alld *** <iI.'lIot(· SigllificilllCC al thp LO'Ié . .'j'Yc-. 
and l '7.. level. n'spfclivelv. 
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Table 3.3: Implied Probability of Priee Reoptimization 
H()m()g('ll('OU~ labor Sr)(,f'ific labor 
(= 0 (= 10 f. = 33 f = 0 f = 10 f = 33 
1948:I-2006:II 
( 0.815 0.7422 0.6423 0.6563 0.62:3:3 0.5637 
1/(1-C) 5.4052 :3.8794 2.7953 2.9099 2.6.'544 2.2019 
1948:f-1979:II 
( 0.7879 0.7073 0.5989 0.GO:35 0.5698 0.:>094 
1/(1-C) ..].71,,]<) :34165 2...j();3 2.:>2]8 2;l24:i 2.031):3 
1984:l-2006:Il 
0.8:34 0.7674 06746 O. (-)<)0.') U.6i'i91 oG02 
1/(1 - C) G.0257 4.2999 :.l.0727 :3.231 :3 2.9:3:3 2.512.) 
~ 
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Table 3.4: Output Growth and Inflation: 
Standard Deviations and Correlations 
1948:I-2006:Il 1948:I-1979:II 1984:I-200G:Tl 
Datil l\lodd Datil i\ Iode'! Data \IOl!l'l 
Olltpllt. gl'Owt.h 0.0130 0.0129 0.0153 0.01.:12 OOOGfJ 00081 
Infla t.ian O.OOGCJ 0.0064 0.0078 0.UU80 Ü.0027 0.003;) 
corr(~:tII, 7Tr) -0.207fJ -0.08;)1 -0.1672 -0.0583 -U3104 -0.1461 
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Table 3.5: Forecast Error Variance Decompositions (in %) 
Output 
Horizons Tcchnology l\fonet.ary ConsUlllptioll Labor supply Illvcstrncnt. 
1 9.5055 6.1120 10.1568 42 ..')481 31.6776 
4 11.9442 2.6982 2.7433 538:372 28.7771 
8 15.6078 1.394[) 1.1437 .~)69637 24.8903 
20 29.7602 0.7397 05854 SO.HiHi 18.7531 
40 49.4;).')9 O.')OOiJ O. 3~J4<) :36.2612 LU871 
WO 74.3U62 o2528 0.1992 18.:3844 6.797,') 
Hours worked 
Horiwns Tcchnoloovb. 1\Iond·é:lI'Y C'onsulliption Lahor sllpply IIIVl'sll1lCllt. 
1 6.3~384 2.5617 4.2570 n ..')662 I:32768 
4 1.2622 1.8642 2.0406 78.85Hi 15.9814 
8 0.8186 1.1 G41 11084 8:3.3,'):>:3 13.55:35 
20 1.0844 0.9022 0.8,'):31 86.0103 11.1501 
40 1.2658 0.8945 0.8433 8:').3536 11.6428 
1O0 1.2003 08925 0.8410 85.2:35() 11.7412 
Inflation 
Horizons Technology IVlonetary ConsUl1Iptioll Labo!' supply Investrnellt 
1 0.5180 11.8608 1.3689 619231 24.3292 
4 0.4848 12.2765 1.3148 48.3301 37.5939 
8 L302G 11.8163 1.2281 45.0892 40 ,'S638 
20 2.8080 11.4288 1.1894 43.0833 40.3885 
40 3.2:3Q.éJ 109257 1.138.3 43.7724 40.9.331 
100 3.2762 10.8197 1.1274 43.8799 40.8968 
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Table 3.6: Contributions to the Reduction of the
 
Standard Deviation of Output Growth
 
and Inflation (in %)
 
Private sect,or :Vlonet.ary polie.\" Shocks 
6Yt 9,2 5,9 849 
hl 325 34.3 33.2 
Table 3.7: Contributions of Shocks to the Reduction of the Standard
 
Deviation of output growth and inflation (in %)
 
Teci 11I01 ogy \lol1l'tary poliey ('onsllmpt.Îoll Labor sllpplv Investmelit 
8.2 1.4 5.9 23.7 
3.8 5.1 1.0 47:3 42.2 
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Figure 3.1: Output Growth and Inflation 
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Figure 3.2: Veetor Autocorrelation Funetions: Benchmark Model vs Vector 
A utoregression 
/',y,Iagged/',y /',y,lagged/',h /',y,Iaggedn 
\0.5 
,;, \ 05 ~ 0.5 
'<co ~\\~0 0 "Ie" 0 . -,G....,~ 
~ 
'. 
-05 -05 -05 
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10 
lags lags lags 
/',h, lagged /',y /',h, lagged /',h /',h, lagged n 
'l 
., 0.50.5 0,5 
., 
..~......... -/::.,-.
0 '" ',. )-=.v. 0 , O~"..,.., 
,~ f:r'~ :~ • ""1 ,.:~.- -_ •..,; "'~ 
-0.5 -05 -05 
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10 
lags lags lags 
n, lagged /',y n,Iagged/',H n, lagged n 
.\~~, 
"-.-.0.5 "­OS 05 
,~"" 
..,.-­" .~ ....: •. j:
.-if ,,,,.... 
0 ;>' ~_r~. ~1 :.L~ ; ­ 0,/ ?:"O'-{": .S~ .. 0 
-05 -0.5 -0.5 
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10 
lags lags lags 
Not.e: Dellchrnark Mockl: solid line. Dat.a: line witll cin:lcs. 
---
100 
Figure 3.3: Impulse	 Responses to a Positive Technology Shock 
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Figure 3.4: Impulse Responses to an Expansionary Policy Shock 
Output	 Consumption Investment 
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Figure 3.5: Impulse Responses to a Positive Shock to the Marginal Utility 
of Consumption 
Output	 Consumption Investment 
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Figure 3.7: Impulse Responses to a Positive Investment-Specific Shock 
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Appendix 
This a.ppendix brieRy shows how the Phillips curve equat.ion (3.Hi) is dcrin'd First.. 
rccall t.llat. ..:( 1) d('llot.('S the <!clllélnd elnsticity of int.errncdi;Jt.e good ';' l'vaillat.cd at tlll' 
st.ead\' stal.l'. "'Vl' linem'il',l' t.he first.-order condition for t.he finished-good lirlll's prob­
h~1ll (:3,9), the no-profit. condition for thl' finislH'd-good firm (:U,,)). and tl1<' first,-order 
(:ondit ion for t.he optimal priee of the int ('l'llwdia t,('-good Finn (3,14), Thesc equa.t.ions 
are: 
Y;I+~ - YI+T = -E:(l)(p; - />I+T), (i) 
<:c 
(1 ~ (JE.) (p; - PI) = El. LVJ.;)'[mCi.t+T+ jJl+r - PI - :PI()); -/II+T)I· (iii) 
T=lI 
wherl' 
= 1 + ( 1 + G"(ïïG'" (1) ) e(l) ) 
<Pl ( dl) - l 
(""( 1))EichetlbA.llm and Fisher (2004, appE:'ndix) show tlHtt, 1 + (1 + i-TTT .:(1) = (, whrrl' ( 
is t.he percent. change in t.he elasticity of demand due to a onE:' percent chang('~ in thl' 
rc!M.ive' pril'e of t.he good, cvalllat.cd M· t.he st(~ady st,ltl', From t.he !low.;c!lold·s fin;t-ol'<ler 
conditions. wC' have : 
(1 + Ti, )l';,t+r = (1 + TJ")h.il+ T . (iv) 
The l'l'al nJrlI'p;inal rost of firm i is l'elat.ed t.o t,llP aggrf'gatc l'l'al marginal cost by: 
(v) 
whcrc 
A-[] ] (1+//"), IJ = ( (1 + 'I/lYA =;;;2 = (.:(1)-1) [ (1 + r.t(A _ B))/P - 1 , 1 - (~ (2 + '/Ii + T/e )(l ­
whcl'<' JF is an indicator funct.ion taking a value of 1 if capital is hOTllogcnolis and mobile 
;-lCrosS fil'lns. and ,1 VA.luf' of () if capital is fixed, :.Iot.e that as Tir ---> x, thf'n il ----+ (), 
) 
n) , 
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S\lbstit.\Iting (i). (ii). (iv) and (v) in (iii) and rerlrranging, we obt<lin eqll<ltioll (:3.16) ill 
{'ltaptcr 3: 
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